Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



. «x. 



HANDBOOK 



OF 



CHEMICAL ANALYSIS 



(ADAPTED TO THE UNITABY NOTATION) 




LOMDOK 

PBOrrSD BY SPOTTIS WOODS ASD GO. 

intW-BTBXBT SQUABB. 



A 



HANDBOOK 



OF 



CHEMICAL ANALYSIS 



(ADAPTED TO THE TJNITART NOTATION) 



BASED ON THB FOURTH EDITION OF 

DR. H. WILL'S 

Anleitung zur chemischen Analyse. 



BY 



F. T.. CONINGTON, M.A. F.C.S. 

FELLOW OF COBPUS CHSIBTI COLLEGE, OXFOKD. 



LONDON 
LOKGMAN, BRO^^, GREEN, LONGMANS, AND ROBERTS. 

1868 



PREFACE. 



The main object of this work is to further the ge^neral 
adoption in chemical instruction of the Unitary SystJpft ^ 
notation, by furnishing the laboratory student with a manual 
of analysis in which this notation is adopted throughout. 
This system, first proposed by&erhardt some sixteen years 
ago, and consistently advocated by Laurent, Williamson, 
Brodie, and other eminent chemists, has been gradually but 
surely gaining ground: until, at the present time, the only 
obstacle to its almost universal adoption in chemical schools 
is the want of books in which this system of notation is em- 
ployed. This want will be supplied in the theoretical and 
descriptive branches of the science by the forthcoming 
Handbook of Chemistry by Dr. Odling: the present manual 
is designed to supply the same want in the analytical branch. 
I may add that the work was undertaken with Dr. Odling's 
knowledge and concurrence : and, in order to ensure uni- 
formity between the two books on all essential points, the 
greater part of these sheets has been submitted to his inspec- 
tion. 

Independently, however, of the main object with which 
this work has been executed, I believe that there is room in 
English chemical literature for a text-book which aims at 
comprising the best and latest methods of analysis within a 
moderate compass. In German chemical literature this place 
is filled by the last edition of Dr. H. Will's Aulextuug %wr 
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VI PREFACE. 

Chemischen Analyse; a work which, beyond any other with 
which I am acquainted, combines the qualities of completeness 
and compactness. Those who are familiar only with the first 
edition of this book which was published in England some 
twelve years ago, can form no idea of the comprehensiveness 
and eminent practical utility of the later edition. Convinced 
that it was impossible to select a better model for a manual 
of analysis, I lost no time in communicating my design to 
Dr. Will, and soliciting his consent to its being carried out. 
This consent he at once granted: and I take this opportunity 
of acknowledging how fully his work is the foundation of mine. 
In fact, my first idea was simply to translate his book, merely 
making such alterations as were necessitated by the adoption 
of the new system of notation. But I found it advisable to 
make so many changes, both in the way of general arrange- 
ment, and of the introduction of fresh matter, that I aban- 
doned this design, and resolved to take his book rather as a 
basis than as a strict model. These changes have been made 
principally in the two first parts of the work : in the remain- 
ing parts Dr. Will's book has been more closely adhered to, 
although in these also a considerable amount of fresh matter 
has been introduced. The Analytical Tables, especially, are 
little more than translations of those which accompany Dr. 
Will's manual. The last table, however, which gives the 
behaviour with acids of the majority of silicates, is entirely 
new: it has been compiled with great care from the works of 
Eammelsberg, Naumann, Brooke and Miller, Dana, and 
other authorities on mineralogy, in the belief that it will be 
found of service to students engaged in silicate analysis. In 
short, my object has been to produce a book which, while it 
possesses all the advantages of that on which it is based, 
presents the additional one of incorporating the best methods 
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of analysis which have been introduced since the appearance 
of Dr. Will's work. 

It would be out of place, in a purely practical manual, to 
enter into any explanation of the differences, or discussion of 
the respective claims, of the old system of notation and of 
that employed in this book. I shall confine myself to a simple 
statement of the changes which have been rendered necessary 
by the adoption of the new system. These consist mainly in 
doubling the atomic weights of ten of the elementary bodies, 
viz., oxygen, sulphur, selenium, tellurium, carbon, boron, 
silicon, tantalum, titanium, and tin. A corresponding change 
in the formulae of all compounds in which any of these ten 
elements is combined with any of the remaining elementary 
bodies, follows as a necessary consequence; either the coeffi- 
cient of the latter is doubled, or that of the former is halved. 
Thus water and nitric addy which, under the old system, are 
expressed by the formulae HO and NO^HO, respectively, 
become, in the new system, H*0 and NO^H. Further, the 
adoption of that view of the constitution of salts, which 
regards them as acids in which the hydrogen is whoUy or 
partially replaced by another metal, instead of that which 
represents them as compounds of an anhydrous acid with a 
metallic oxide, induces a change in the arrangement of the 
symbols by which these bodies are expressed. Thus, nitrate 
of silver is written NO^Ag, not NO^ AgO. 

As this book is designed solely as a laboratory companion, 
and in no way aims at superseding the necessity of a teacher, 
I have not introduced into it any of that detail which belongs 
properly to works intended for self-instruction. Description 
of apparatus, directions for the preparation of reagents, &c., 

have been generally excluded : these are points on which the 
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student will learn far more by a few days' practice in the 
laboratory than could be taught him by pages of written 
instruction. Besides, books already exist in which these and 
similar points are fully treated : and it has been my object 
throughout to keep the bulk of this volume within the 
narrowest possible limits. I have, however, thought it well 
to follow Dr. Will's example in not confining the work to 
qualitative analysis only. In the section which ti*eats of 
quantitative analysis by weight, I have derived great assistance 
from Wohler's HaTidbook of Inorganic Analysis. In the 
almost total absence of any English work on that branch of 
analysis, I hope that the few pages devoted to the very 
important subject of Volumetric Analysis will be found espe- 
cially useful. 

With a view of directing the student's attention in the first 
instance only to those elements which there is a reasonable 
chance of his meeting with in the ordinary course of analysis, 
I have printed in small type the sections relating to those 
elements which are of comparatively rare occurrence. I should 
recommend the beginner to confine his attention exclusively 
to that portion of the book which is printed in large type. 
It is of no use for him to burden his memory with the reac- 
tions of the rarer elements, imtil he is at least tolerably 
familiar with those of the bodies which he is likely to meet 
with at the commencement of his analytical practice. 

In conclusion, I wish to record my acknowledgments to my 
friend Mr. Gr. C. Foster, of University CoUege, to whose 
cooperation I have been indebted for most valuable assistance 
during the whole of the preparation of the book. 

F. T. CONINGTON. 

London : December, 1858. 
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The object of Chemical Analysis is to ascertain the composition of 
any substance whatever. In doing this we may either rest con- 
tented with determining the elements of which it is composed, 
without paying any attention to their several quantities : or we 
may go further, and ascertain the exact proportion of each 
element which enters into its composition. Hence arises the dis- 
tinction between Qualitative &n6. Quantitative Analysis. Quali- 
tative analysis teaches us how to ascertain the elements of a 
substance with regard to their quality only, and how to separate 
them from one another ; quantitative analysis establishes the 
methods of proceeding, by which we determine the relations of 
weight or volume which these elements bear to one another. It is 
obvious that, before we can proceed to estimate the quantities of 
each element contained in a compound, we must know what are 
the elements that it contains ; hence Qualitative must always 
precede Quantitative analysis. 

The method of qualitative analysis consists in bringing the 
substance under examination into contact with other bodies of 
known properties, and observing the phenomena which ensue. 
These phenomena consist in alterations, either in state of aggre- 
gation, form, or colour, depending upon some chemical change. 
All bodies, which we employ for this purpose, we call by tbkft> 
^ B 
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general name of reagents: the ensuing phenomena we designate 
reactions. Acids, bases, salts/ and simple bodies (elements), are 
alike used as reagents. 

By means of reagents the chemist puts questions to the sub- 
stance under examination, inquiring whether it contains this or 
that group of similar elements, or only this or that member of 
such groups. The answers to these questions are afforded by the 
occurrence or non-occurrence of the consequent reactions. If the 
question be put correctly, t. e. if all the conditions under which 
the reaction expected can be produced by the reagent employed 
be carefully observed, the answer is decisive as to the presence or 
absence of the element, or group of elements, sought ; if, on the 
other hand, these conditions, i. e, the properties and chemical 
relations of the bodies formed by the chemical changes which 
constitute the reaction, have been wholly or partially neglected, 
the answer, if not certainly erroneous, is at least doubtful. 

Reagents may be employed either in the wet way or in the dry 
way. In the wet way, the reagent in solution, i, e, in the liquid 
form, is brought into contact with the substance to be examined, 
which is also in the liquid form. In the dry way, the two bodies 
are brought together in the solid state, and subjected to a high 
temperature. Of the utmost importance in analysis by the latter 
method, is the knowledge of the use of the blow-pipe, and of the 
behaviour of bodies in the different flames which can be produced 
by this invaluable instrument.. Whether he employ the wet or 
the dry way, the phenomena to be observed by the analyst are the 
same, consisting of indications either of oxidation, reduction, or 
double decomposition. 

Many reagents exhibit the same or a similar behaviour with 
a certain fixed number, i.e, with a group, of elements, and with all 
the compounds of these elements ; and can therefore be employed 
for the division of the elements into groups. Such reagents are 
termed general reagents. Others serve for the further distinction 
of the several members of such groups ; their selection depends 
upon the knowledge of the special characteristic behaviour to such 
reagents of each single element, or of each of its several compounds* 
Such reagents are called special or characteristic reagents. Their 
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number is much greater than that of the general reagents, their 
nature being as various as that of the substances which can come 
under examination; their selection depends upon the solubility or 
insolubility, colour, or other physical or chemical properties of 
the new compounds to which they give rise. They may fre- 
quently be employed reciprocally : thus, iodine is a characteristic 
reagent for starch, and reciprocally starch is a characteristic 
reagent for iodine. 

The analyst has not only to establish that this or that body is 
present in a compound, but he has also to prove that no other 
body is present besides those that he has actually found. Hence 
it is evident that he must not treat the substance he is examining 
with any reagent indiscriminately. He must follow a certain 
fixed order, a methodical system, in the application of reagents, 
which will be the same for all inorganic substances whatever, 
let their elements be what they may. This systematic method, 
which cannot be departed from or abbreviated without danger, 
except in certain cases by the experienced chemist, consists, as is 
best shown in Table IV., in the employment of general reagents 
for the successive elimination of groups of elements possessing 
certain common chemical properties ; and finally, in the recogni- 
tion of each member of such groups by the employment of 
characteristic reagents. If the object be not a complete and 
accurate analysis, but merely to establish the presence or absence 
of some particular body, the characteristic reagent may in many 
cases be employed at once, without having previously had re- 
course to general reagents. 

The foregoing remarks will enable the student to comprehend 
the system of arrangement which has been adopted in this work. 
Part I. contains a list of the most important reactions exhibited 
by the non-metallic elements and their compounds, when brought 
into contact, whether in the wet or dry way, with various re- 
agents, both general and characteristic. In this class of bodies 
by far the greater number of acids are included. Part U, con- 
tains a similar enumeration of the reactions of the metals and 
their compounds. In this class are comprised by far the larger 
proportion of all known elements. They are divided m\» c«t\aIvcL 

B 2 
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groups, according to their behaviour with a small number of 
general reagents, which have been selected by universal experience 
as affording the most convenient and best defined classification. 
Part III., to which the Tables belong, furnishes a complete 
systematic course of inorganic analysis, by pointing out the order 
in which the reagents mentioned in the two first parts may be 
most advantageously applied for the detection and separation of 
any inorganic body whatever. To it are added a few general 
remarks and cautions, intended at once to facilitate the course of 
analysis, and to render its results reliable. Part IV. is devoted 
to quantitative analysis ; and Part Y. to the best methods for the 
detection of the poisons of most frequent occurrence in judicial 
investigations. 



PART L 

REACTIONS OF THE NON-METALLIC ELEMENTS AND THEIR 

MOST IMPORTANT COMPOUNDS. 

This class of bodies comprises hj far the greater number of 
those substances which possess an acid reaction*, and which are 
therefore designated by the generic name of Acids. In this part, 
tlierefore, will be found the reactions bj which the great majority 
of acids are distinguished. But, as there are some compounds of 
the non-metallic elements which are not acids, so there are some 
acids which contain metallic elements. Since, however, the 
characteristic reactions of these metallic acids depend upon the 
presence of the metallic element, they will naturally be treated of 
in Part II., which is devoted to metals and their compounds.f 

* The general reagent by which the presence of any acid is detected, is infu- 
sion of litmus, the blue colour of which is instantaneously changed to red on 
contact with an acid. It is this property of reddening litmus which is signified 
when a substance is said to have an acid reaction. Conversely, a body which 
possesses the property of restoring the blue colour of reddened litmus, is said 
to have an alkaline reaction. Another general test for such acids as are soluble 
in water, is their behaviour with carbonates, with which they cause effervescence, 
owing to the formation and decomposition of carbonic acid. 

t As the sense in which we employ the term acid is somewhat different from 
that which is prevalent in most works on chemistry, it may be well to dwell 
briefly on the signification that we attach to it. We adopt the definition given 
by Gerhardt (Introduction k I'Etude de la Chimie, p. 103) : an acid is a salt 
whose base consists entirely of hydrogen. Thus, nitric acid, NCH, is nitrate of 
hydrogen, just as NO'Ag is nitrate of silver. In our view, therefore, the pre- 
sence of basic hydrogen — t. e. of hydrogen which can be replaced by any other 
metal — is essential to the idea of an acid. Hence we hold that these bodies, 
which are commonly called anhydrous acids, are not acids at all ; and, in fact 
they do not exhibit acid reactions. We propose to designate these bodies by 
the name anhydrides (e.ff, sulphuric anhydride, SO"; carbonic anhydride, 

CO\ &c.). 

The number of atoms of basic hydrogen varies in different acids, and q\l\3ca& 
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Tn this and the foUowiDg Part, the letter (c) is attached to thoee 
reactions which are most characteristic, and on which the student 
should especially relj. The reactions not so marked may usefully 
be employed as confirmatory tests. 

1. Oxygen. O. Atomic weight, 16. 

A constituent of atmospheric air, of water, and of the majority 
of chemical compounds. A permanent gas, destitute of colour or 
smell. It is most easily recognised by its property of rekindling 
a glowing match that is introduced into it. (c) With nitric oxide 
it forms red fumes, (c) When mixed with twice its volume of 
hydrogen and ignited, combination takes place with explosion, 
and water is formed, no gaseous residue being left. It is but very 
slightly soluble in water. It is readily absorbed by the following 
reagents: (c) phosphorus; metallic copper, when heated to 
redness, or moistened with dilute sulphuric acid; a solution of 
suhchloride of copper in ammonia ; (c) a solution of pyrogalUc 
acid in caustic potash, with which it gives a dark brown colour; 



variation is fonnded the distinction between monobasic and polybasie acids. A 
monobasic acid contains only 1 atom of basic hydrogen : in forming other 
metallic salts, therefore, it most always exchange the whole of its hydrogen for 
another metal, and so can only form normal salts ; e. g, nitric acid, NO'H ; nor- 
mal nitrate, NCPK. A bibaaic acid contains 2 atoms of basic hydrogen, one or 
both of which can be replaced by another metal. Besides the normal salt, 
therefore, in which both atoms of basic hydrogen are replaced by a metal, it can 
form one acid salt, in which only 1 atom is so replaced ; e. g. solphnric add, 
SO*H« ; normal sulphate, SOK* ; acid sulphate, SO*KH. A tribasie acid con- 
tains 3 atoms of basic hydrogen, each of which can be separately replaced by 
another metal ; and hence it can form, besides its normal salt, two acid salts, 
according as 1 or 2 of its atoms of basic hydrogen are so replaced ; e. g, phoS' 
phoric acid, PO*H' ; normal phosphate, PO*K' ; monacid phosphate, PO*K*H ; 
biacid phosphate, PO^KH^. 

The term neutral salt is commonly applied to denote those salts in which the 
basic hydrogen of the acid is completely replaced by another metal, the name 
being founded on the presumption that such salts are without action on litmiu. 
Since, however, this is far from being universally the case, it is better to desig- 
nate such salts by the term normal salts. 

In writing the formulae of acids, we shall generally place the basic atom or 
atoms at the end of the formula. In this manner the basicity of an acid is ren- 
dered evident at a glance. 
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by protohydrate of irony suspended in an alkaline liquid; by 
alkaline sulphides; and less rapidly by agitation with finely 
divided and moistened metallic lead. These and similar reagents 
for the absorption of gases, are principally employed in Eudio- 
metry. 

2. Uritrogen. N. Atomic weight, 14. 

A constituent of the atmosphere. A permanent colourless gas, 
in which burning bodies are immediately extinguished. It is 
absorbed readily by boron, silicon, and titanium at high tempe- 
ratures, the nitrides of these metals being formed. In order 
to detect nitrogen in any organic compound, the substance is 
dried and heated with caustic potash, when, if nitrogen be 
present, ammonia is evolved, and may be recognised by its 
smell, and by its forming white clouds on contact with a glass 
rod moistened with hydrochloric acid ; or the substance is heated 
in a test-tube with a fragment of potassium, then dissolved in 
water, and tested for cyanogen with a proto- and sesqui-salt of 
iron and hydrochloric acid, or with sulphide of ammonium and 
Besquichloride of iron. {See Cyanogen, p. 41.) 

OxlDES AND Acids of Nitrogen, a. Nitric Acid, NO^H.— 
Pure nitric acid is a colourless corrosive volatile liquid ; when 
it contains nitrous acid, it is of a deep yellow colour. It readily 
parts with half its oxygen, generally giving off nitric oxide, NO, 
which forms red fumes on contact with the air. It is a powerful 
oxidising agent, attacking all metals except platinum, iridium, 
rhodium, and gold ; converting most lower metallic oxides into 
higher oxides ; and oxidising all sulphides (except sulphide of 
mercury) into the corresponding sulphates, generally with sepa- 
ration of sulphur, which by prolqnged digestion is converted into 
sulphuric acid. It forms soluble salts with all metals : hence it 
precipitates no metal, nor is there any reagent by which it can 
be precipitated. Tin, antimony, tungsten, and tellurium are the 
only metals which, when treated with nitric acid, form oxides in- 
soluble in the acid ; the sulphate of lead, which is formed by 
treating sulphide of lead with nitric acid, is similarly insoluble. 
Most nitrates are less soluble in nitric acid than in water. Icl- 
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soluble basic nitrates are readily soluble in dilute sulphuric or 
otber mineral acids. 

Nitric acid and otber nitrates are decomposed when heated 
with concentrated hydrochloric acid, or other chlorides, chlorine 
being evolved ; this mixture {aqua-regid) readily dissolves gold- 
leaf, and decolorises solution of indigo, (c) When a solution of a 
nitrate is mixed with about its own volume of pure concentrated 
sulphuric acid, the mixture allowed to cool, and a few drops of a 
concentrated solution of protosulphate of iron gently poured 
upon it, a ring is formed at the point of contact of the two liquids 
of a violet, amethyst, red, or dark brown colour, according to the 
quantity of nitrate present. The coloration is increased by the 
careful agitation of the mixture, and disappears on the application 
of heat. In the absence of chlorine compounds the smallest trace 
of a nitrate may be detected by this test. Very dilute solutions, 
(as mineral-water, rain -water, or water issuing from the soil,) 
require concentration before applying this reaction. When a 
solution of a nitrate is heated with sulphuric acid and a drop of 
solution of indigo, the blue colour of the indigo is changed to 
yellow : this reaction is rendered more delicate by the addition 
of a little chloride of sodium. When a dry and pure nitrate is 
heated with concentrated sulphuric acid, colourless vapours of 
nitric acid are evolved, which form white clouds on contact 
with ammonia, and do not precipitate a silver solution, (c) If 
metallic copper or protosulphate of iron be added to the mixture, 
red nitrous fumes are evolved, and, if a chlorine compound be pre- 
sent, free chlorine also. If the quantity of nitrate present be very 
minute, the nitrous fumes may not be visible to the eye, but they 
may be detected by leading the gas evolv§d into a solution of 
starch and iodide of potassium, when, if the least trace of nitrous 
fumes be present, the characteristic purple colour of iodide of 
starch will be produced. The same reaction is effected in the 
dry way by fusing a nitrate with acid sulphate of potassium. 
All nitrates, when fused with potash and any non-nitrogenised 
organic body, as sugar, evolve ammonia. When heated with 
an excess of protochloride of iron and hydrochloric acid, all 
nitrates give off* nitric oxide, which, when mixed with sul* 
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phuretted hydrogen, and led (in an atmosphere of hydrogen) 
over heated soda-lime, is entirely converted into ammonia. The 
ammonia is easily estimated by leading it into a standard solu- 
tion of sulphuric acid. This is often a convenient method for 
the estimation of nitric acid. 

All nitrates are decomposed at a high temperature ; nitrate of 
ammonium entirely into nitrous oxide andwater (NO^NH^sN^O -|- 
2H20). The decomposition by heat of all other nitrates varies 
with the nature of the base, but generally they are all decomposed 
into oxygen and some lower oxide of nitrogen. When heated with 
charcoal, or especially with cyanide of potassium, sulphur, or phos- 
phorus, nitrates explode violently. 

Estimation of Nitric Acid, — This is usually effected by saturating 
the acid with excess of carbonate of barium, heating the mixture in 
order to decompose any acid carbonate, filtering off* and thoroughly 
washing the excess of carbonate, and precipitating by sulphuric 
acid the barium contained as nitrate in the filtrate. This process 
can only be applied directly when the nitric acid is free, and no 
other acid is present. In the analysis of a nitrate, the nitric acid 
is liberated by distillation with sulphuric acid ; the distillate is 
treated as above. The same distillation separates nitric acid from 
any non- volatile acids that may be present ; if other volatile acids 
are present they must be removed before distilling. 

Nitric acid may also be estimated volumetrically {see Part IV.) 
by means of a standard solution of chloride of tin in hydrochloric 
acid. A known volume of the tin-solution, more than can be com- 
pletely converted into perchloride by the nitric acid employed, is 
heated, together with the nitric acid (or nitrate) in a sealed tube^ 
to about 150° for ten minutes. The contents of the tube are then 
transferred to a beaker, a little iodide of potassium and starch 
added, and the remaining chloride of tin estimated by a standard 
solution of bichromate of potassium. Each atom of nitric acid 
converts 4 atoms chloride of tin into perchloride (N03H-h4SnCP 
+ 8ClH=4SnC14-fNH3 + 3H20).— Pugh. 

b. Peroxide of Nitrogen (hyponitric acid), NO^. Nitrous An* 
hydride^ N^O^. — Yellowish or reddish -brown gases, formed by the 
contact of nitric oxide with oxygen, and by the decompoait\ft\3L\$i 
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heat of most nitrates. On contact with water thej are deco- 
lorised and decomposed ; NO^ into nitric and nitrous adds 
(2N02 + H20=NO'H+N02H); and N>0» into nitric acid and 
nitric oxide (3N«0» -t- HaO=2N03H + 4N0). At a very low tem- 
perature they are condensed, the former to a brown, the latter to 
a bluish-green liquid. Both are constituents of the red fuming 
nitric acid. 

c. Nitrous Acid^ NO^H. — ^Formed, as we have seen, by the 
decomposition of NO^ in contact with water. It can never 
be obtained free from nitric acid, for its solution is always partially 
decomposed into nitric acid and nitric oxide (3N02H=N03H+ 
2N0 -h H^O). All nitrites are soluble in water. 

Aqueous solutions of alkaline nitrites are decomposed by hydrO' 
sulphuric acid, sulphides of the alkaline metals being formed ; 
in acid solutions the decomposition is accompanied by a separation 
of sulphur. When treated with dilute sulphuric or nitric acid, 
nitrites give off red fumes ; on the addition of the same acids, 
they decolorise permanganate of potassium, and gradually change 
the colour of bichromate of potassium to a greenish blue, (c) 
Free nitrous acid at once produces a purple colour with starch and 
iodide of potassium. Since pure nitric acid exhibits none of these 
reactions, they serve to detect nitrous in presence of nitric acid, 
(c) All nitrites give a dark-brown colour with protosalts of iron, 
without the addition of acid. Pure nitrates do not exhibit this 
reaction ; for the employment of this test for the detection 
of nitric acid (p. 8) depends upon the partial reduction of the 
nitric to nitrous acid. Nitrites reduce terchloride of gold and 
suhsalts of mercury, giving with the former a brown precipitate 
of metallic gold, with the latter a grey precipitate of metallic 
mercury. Alkaline nitrites give a yellow precipitate with proto- 
salts of cobalt, which forms slowly (p. 145). An aqueous solution 
of nitrite of ammonium, or of any nitrite on addition of chloride 
of ammonium, is decomposed by heat into nitrogen and water, 
(N02NH*=N2^2H20). (c) Urea is decomposed by nitrous 
(not by nitric) acid, with evolution of carbonic anhydride and 
nitrogen (CH4N20+2N02H=C02 + N*+3H20). Many nitro- 
genised organic compounds, e, g. protein, give a deep red colour 
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when heated with a solution of mercury in nitric acid, containing 
some nitrite, (c) Both nitric and nitrous acids impart a deep 
yellow colour to all nitrogenised organic compounds ; e, g, the 
human skin, feathers, &c. 

d. Nitric Oxide^ NO. — A colourless gas, which, on contact 
with oxygen forms red fumes of NO^ and N^O'. (c) It is 
readily and completely absorbed by a solution of a protosalt of 
iron, giving a red or dark brown colour, and by concentrated 
nitric acidy giving a blue, green, or yellow colour. These re- 
actions distinguish it from all known gases. The dark brown 
compound which it forms with protosalts of iron contains 4 atoms 
of the iron salt to 2 atoms of nitric oxide : it is on the formation 
of this body that the best test for the detection of nitric acid 
depends (p. 8). On contact with red-hot metallic copper, nitric 
oxide, like all other oxides of nitrogen, gives up its oxygen, free 
nitrogen being evolved. 

e. Nitrous Oxide (laughing gas), N^O. — A colourless gas, 
which is not coloured by contact with oxygen. It is somewhat 
soluble in water. Like oxygen, it rekindles a glowing match, 
but it is readily distinguished from oxygen by its remaining 
colourless on contact with nitric oxide. Heated potassium 
deprives both nitrous and nitric oxide of all their oxygen ; in the 
former case the original volume of the gas remains unaltered, in 
the latter it is diminished one half. 

3. Carbon. 0. Atomic weight, 12. 

« 

One of the most widely spread of the elements. In the uncom- 
bined state it is found native in two modifications, differing most 
widely in their physical properties : the crystalline, as the diamond; 
and the amorphous, as graphite or blacklead, and anthracite. 
Amorphous carbon is always black. Only the amorphous modifi- 
cation can be prepared artificially ; e. g, soot, charcoal, &c. In 
combination with other elements carbon is of the most frequent 
occurrence in nature. It is a constituent of all organic bodies, 
without exception : as carbonic anhydride, it occurs in the atmo- 
sphere ; as carbonic acid, in all springs and mineral waters ; and, 
in many minerals, in combination with calcium, barium^ ma^ti&- 
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sium, iron, and other metals. The characteristic properties of 
carbon are, its insolubility in acids or alkalis, its absolute resist- 
ance to the action of heat in a closed vessel, and its combustion to 
carbonic anhydride when heated in contact with oxygen. When' 
fused with saltpetre, its combustion takes place with a violent 
explosion. Every carbon compound, when heated to redness 
with oxide of copper or chromate of lead, gives off carbonic anhy- 
dride, which may be recognised by means of lime-water or acetate 
of lead, and is completely absorbed by caustic potash. 

OxidesandAcids OF Carbon, a. Carbonic Anhydride, CO*. — 
A colourless condensible* gas, having a slightly pungent smell; 
considerably heavier than atmospheric air. It is somewhat soluble 
in water; the solution reddens litmus-paper, but not permanently; 
it gives off most of the dissolved anhydride on standing for a time, 
and the whole on the application of heat. 

b. Carbonic Acid, CO^H^. — An aqueous solution of carbonic 
acid, gives with lime- or baryta-water, a white precipitate, 
soluble in excess of carbonic acid. These are the reactions gene- 
rally employed for the detection of carbonic acid in mineral waters. 
Acetate of lead gives a white precipitate in very dilute solutions 
of carbonic acid. Carbonic acid is readily absorbed by caustic 
potash, whether in the solid state or in solution. The only normal 
carbonates that are soluble in water are those of the alkaline metals: 
their solution has an alkaline reaction, and gives precipitates with 
the salts of all other metals. Some normal carbonates (those of 
the metals of the alkaline earths, magnesium, iron, and manganese) 
are soluble in free carbonic acid, being converted into acid car- 
bonates: on heating the solutions, a precipitate of a normal or 
basic salt is formed. With solutions of normal carbonates, salts of 
calcium, barium, magnesium, lead, and silver give a white, cA/o- 
ride of mercury, a brick-red, precipitate, even in very dilute solu- 
tions : all these precipitates are readily soluble in nitric or acetic 
acid. The normal carbonates of barium, strontium, calcium, and 
magnesium are all more or less soluble in chloride of ammonium, 
especially on heating: carbonate of magnesium is not reprecipitated 

* A gas is said to be condensible when it can be liquefied by pressure and 
cold. Gases which cannot be so liquefied are called permanent 
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from this solution by free ammonia. A solution of an acid car- 
bonate gives no precipitate with sulphate of magnesium: with 
chloride of mercury, a gradual white precipitate. A very dilute 
solution of a calcium-^2Xt is not precipitated by an alkaline acid 
carbonate. Salts of aluminium and sesquisalts of iron are preci- 
pitated by acid carbonate of sodium. 

Solid carbonates, as well as their solutions, when not too 
dilute, are easily recognised by their being decomposed imth effer^ 
vescence by strong acids, (c) The gas evolved is almost destitute 
of smell, and gives a white precipitate when led into lime-water or 
acetate of lead. Other salts, as sulphites and sulphides, are simi- 
larly decomposed with effervescence by acids : but the gases evolved 
in these cases have a peculiar and characteristic smell. Cyanates 
also evolve carbonic anhydride when treated with acids ; but the 
gas in this case is always accompanied by the penetrating smell of 
cyanic acid, and the residue contains an ammonium- salt. Some 
native carbonates (e. g. spathic iron-ore and dolomite) are not thus 
decomposed by acids without the application of heat. 

The normal carbonates of potassium and sodium are not decom- 
posed by the strongest heat. The carbonates of barium and 
strontium require the strongest white heat for their decomposition, 
and the carbonate of calcium a strong red heat. These carbonates 
are decomposed at a much lower temperature if any free carbon 
or organic matter be present, carbonic oxide being formed. All 
other carbonates are easily decomposed by heat, carbonic anhy- 
dride being evolved, and metallic oxides left. 

Estimation of Carbonic Acid, — Carbonic acid is estimated in 
solid carbonates, by the loss of weight which they undergo when 
decomposed by a not too dilute acid, in an apparatus which admits 
of accurate weighing, and ensures the perfect drying of the 
carbonic anhydride evolved (p. 233). The carbonic acid dissolved 
in mineral waters is estimated by precipitating it by a mixture 
of chloride of calcium and ammonia, and weighing the resulting 
carbonate; or volumetrically by means of solution of litmus, and 
a standard solution of an alkali. From a gaseous mixture of 
carbonic anhydride with sulphurous anhydride and sulphuretted 
hydrogen, the two latter may be entirely removed by \xia^'fta» ^S. 
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peroxide of lead, peroxide of manganese, or oxide of mercury; 
these substances may be taken up moist on the end of a glass rod 
or a platinum wire, dried, and introduced into the gaseous mix- 
ture. Or the sulphurous anhydride may be removed by a con- 
centrated solution of bichromate of potassium mixed with sulphuric 
acid; and the sulphuretted hydrogen by sulphate of copper. 
Carbonic anhydride is easily separated from most remaining 
gases by means of caustic potash, by which it is completely 
absorbed. 

c. Carbonic Oxide, CO. — Formed by the imperfect oxidation 
of carbon, or the deoxidation of carbonic anhydride. A colourless 
gas, burning with a blue flame. It is absorbed by fused potassium^ 
by a solution of snhchloride of copper in ammonia, or by sulh 
sulphite of copper, 2 volumes of carbonic oxide exploded with 
1 volume of oxygen, form 2 volumes of carbonic anhydride. 

HTDRroES OP Carbon. HrDROOARBONS. — These compounds, 
which are very numerous, properly belong to organic chemistry. 
There are, however, two of them which are frequently met with in 
gaseous mixtures, with the properties of which the student must 
early be acquainted, for which reason they are mentioned here. 

a. Olejiant Gas, C^H*. — A colourless gas, which burns with 
a very brilliant ilame. It is entirely absorbed by fuming sul- 
phuric acid. When mixed with an equal volume of chlorine, 
combination takes place, even in the dark, an oily liquid being 
formed, C^H^Cl^. 

b. Marsh Gas (light carburetted hydrogen), CH**. — A colour- 
less gas, burning with a feeble blue flame. It is not absorbed by 
fuming sulphuric acid. In presence of water it does not combine 
with chlorine in the dark ; but the access of light determines the 
combination, carbonic anhydride being formed. 1 volume of 
marsh gas exploded with 2 volumes of oxygen forms water, and 
1 volume carbonic anhydride. 

Of the va&t number of acids containing carbon, which are 
included under the general name of organic acids, only a few are 
of sufficient importance as reagents, to call for mention in ^ work 
on analysis. They would naturally come under this section, but 
as it is well that the student should flrst become familiar with 
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the common mineral acids, the reactions of the more important 
organic acids will not be treated of till the close of this part. 

4. Sulplmr. S. Atomic weight, 32. 

Sulphur is found in nature both free and combined: in the 
former state it is commonly a volcanic product, and is frequently 
crystalline ; in the latter, it occurs as hydrosulphuric acid in 
mineral waters ; in combination with metals, as metallic sulphides 
(pyrites, galena, cinnabar, &c.); and combined with metals and 
oxygen, as metallic sulphates. 

Acids and Oxides op Sulphur, a. Hydrosulphuric Acid 
(sulphuretted hydrogen), SH^. Metallic Sulphides, — HydrosuU 
phuric acid is a colourless condensible gas, possessing a charac* 
teristic smell, resembling that of rotten eggs ; it burns with a 
blue ilame. Cold water absorbs about three times its volume of 
the gas, the solution (sulphuretted hydrogen water) is gradually 
decomposed by contact with the air, losing its smell and depositing 
sulphur (SH2 + 0=OH2 + S). Both the gas and the solution 
redden litmus feebly. With most metallic oxides, hydrosulphuric 
acid (both in the wet and dry way) forms water and metallio 
sulphides : the latter have very frequently a characteristic colour 
(SH2+ 0M2=SMa + 0H>). 

The compounds of sulphur with the alkaline and alkaline- 
earthy metals, are soluble in water ; those with the heavy metals 
are insoluble. Some few sulphides part with their sulphur when 
heated in a closidd vessel (sulphides of gold and platinum) : some 
higher sulphides (bisulphide of iron, pentasulphide of antimony) 
part with a portion of their sulphur. All sulphides, when heated 
in the air, give off sulphurous anhydride ; the residue in some 
cases is the metal (silver) ; in others, a metallic oxide (tin, antir 
timony, bismuth, molybdenum) ; in others, a metallic sulphate 
(the alkaline and alkaline-earthy metals, copper, lead, &c.). 
Some metallic sulphides are soluble in dilute hydrochloric acid 
with evolution of hydrosulphuric acid (sulphides of the alkaline 
and alkaline-earthy metals, iron, manganese, zinc, uranium); 
others require concentrated hydrochloric acid for their solution 
(sulphides of nickel, cobalt, antimony, lead); others are i1l&Q\}Qik:^$^ 
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even in concentrated hydrochloric acid (sulphides of arsenic^ 
copper, mercury, gold, platinum, &c.). All sulphides (except 
sulphide of mercury) are decomposed by digestion with con- 
centrated nitric acid, aqua-regia, or hydrochloric acid and chlorate 
of potassium, with formation of sulphuric acid, and a metallic 
oxide or chloride, and, in case the acid be not sufficiently con- 
centrated or the digestion not continued long enough, separation 
of sulphur. Sulphide of mercury is not decomposed by pure 
nitric acid, but readily by aqua-regia ; sulphide of lead is con- 
verted by nitric acid into sulphate of lead, sulphide of tin into 
binoxide of tin, sulphide of antimony into antimonic oxide or 
anhydride ( see p. 7, Nitric Acid). When heated in a current 
of chlorine, all sulphides are converted into metallic chlorides 
and chloride of sulphur. 

The sulphides soluble in water are distinguished into protth 
or mono-sulphides (K^S, (NH*)2S, Ba^S), hydrosulphates (KHS^ 
NH^HS,) and polysulphides (K^S^, (NH4)2SS). The aqueous 
solution of the two first is colourless, and when treated with acids 
gives off hydros ulphuric acid without any separation of sulphur; 
that of the last is yellow, or yellowish-brown, and when treated 
with acids gives off hydrosulphuric acid, and deposits sulphur. 
With protosulphate of manganese^ soluble monosulphides give ft 
precipitate of sulphide of manganese, without evolution of hydro- 
sulphuric acid; hydrosulphates with the same reagent evolve 
hydrosulphuric acid (SO*Mn2-h2SKH=S04K« + SMn« + SH>). 
All soluble sulphides (and some of them which are insoluble) 
rapidly absorb oxygen from the air, and are decomposed. The 
decomposition goes through several stages; a polysulphide is first 
formed, then a hyposulphite, and finally, in most cases, a sulphite 
and a sulphate. 

(c) The presence of hydrosulphuric acid, or of a soluble sul* 
phide, is at once detected, either in a neutral, acid, or alkaline 
solution, by the black precipitate of sulphide of lead which it 
gives with any /^acf-salt : if the smallest trace of hydrosulphuric 
acid be present in a gaseous mixture, a piece of paper moistened 
with acetate of lead, and exposed to the gas, is covered with a 
black or dark-brown shining film of sulphide of lead. Hydro- 
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sulphuric acid is entirely absorbed by a solution of potash or 
ammonia. 

(c) Nitroprusside of Sodium produces no change of colour in 
sulphuretted hydrogen water, or in any acid solution containing 
hydrosulphuric acid: but if the smallest trace of a soluble sulphide 
be present, this reagent gives, even in presence of free hydrosul- 
phuric acid, a magnificent purple colour, which disappears after 
some time. This is the best test for determining whether a solu- 
tion contains a soluble sulphide, as well as free hydrosulphuric 
acid. The coloration is not immediately destroyed even by very 
great dilution. 

Estimation of Hydrosulphuric Acid, — An alcoholic solution of 
iodine, or better, an aqueous solution of iodine in iodide of po- 
tassium, immediately decomposes hydrosulphuric acid with for- 
mation of hydriodic acid and sulphur, which latter causes a 
milkiness in the solution (P + SH^ = 2 IH + S). If an iodine 
solution of known strength be employed, and a little starch added 
to the solution under examination, the appearance of a blue colour 
indicates with certainty the exact point at which all the hydro- 
sulphuric acid is decomposed: and the amount of that acid pre- 
sent may be calculated from the quantity of iodine solution used. 
Soluble sulphides behave with iodine exactly like hydrosulphuric 
acid. If the solution be alkaline, it must be neutralised with 
acetic acid before adding the iodine solution. Hydrosulphuric 
acid is also decomposed by chlorine^ bromine^ s?dphurous, hypo- 
chlorovSf nitrous, iodic^ and chromic acids, and sesquisalts of iron, 
sulphur being separated, and generally a* sulphate formed. 

The general method of estimating the sulphur in metallic sul- 
phides is to oxidise it completely by digestion with aqua-regia, or 
fuming nitric acid, and to precipitate the sulphuric acid formed 
by chloride of barium (p. 211). 

Blowpipe reactions {see p. 24). 

b. Sulphuric Anhydride, SO^ — ^A white crystalline feathery 
solid, resembling asbestos in appearance; giving off white suffo- 
cating fumes on contact with the air. It is very readily soluble 
in water with great evolution of heat. Combined with one atom 
of water it forms 
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c. Sulphuric Acidy SO 41*^. — An oily colourless heavy liquid, 
powerfully corrosive, boiling at 327°. It is soluble in water in 
all proportions: the combination is attended with great heat. It 
is so hygroscopic (t. e, has so strong a tendency to take up water) 
that it is employed to dry substances which will not bear an 
elevation of temperature. It is the most powerful acid with 
which we are acquainted, and in the wet way will displace all 
other acids from their salts. It is bibasic; and therefore forms 
acid as well as normal salts (p. 6). 

All normal and acid sulphates (with the few following excep- 
tions) are soluble in water: basic sulphates are insoluble in water, 
soluble in dilute acids. Sulphate of barium is entirely insoluble 
in water or dilute acids: sulphate of calcium is difficultly soluble 
in water (in 600 parts); sulphate of strontium still less soluble 
(in 9000 parts); and sulphate of lead still less (in 22,000 parts), 
(c) The best reagent for the detection and estimation of sul- 
phuric acid in solutions is chloride^ or nitrate of bariuniy either of 
which gives a white, finely divided precipitate of sulphate of 
barium (SOBa'), which is very slightly soluble in concentrated 
nitric or hydrochloric acids. The solution of the sulphate should 
first be acidulated with hydrochloric acid. Care must be taken 
not to have too much free nitric or hydrochloric acid present; 
for, as chloride and nitrate of barium are much less soluble in 
strong acids than they are in water, their addition to a strongly 
acid solution might cause a precipitate, even if no sulphuric 
acid were present. When, therefore, either of these reagents 
causes a precipitate, excess of water should be added, which will 
at once dissolve any chloride or nitrate of barium that may be 
precipitated, but will not dissolve the sulphate. If the amount 
of sulphate present be very minute, the solution (especially if it 
contains nitric acid) should be allowed to stand some time after 
the addition of the barium-salt. If sulphate of barium be preci- 
pitated from a solution containing a nitrate, it generally carries 
down with it some nitrate of barium, which cannot be entirely 
removed by washing with water. In such cases, therefore, in 
quantitative analysis, the precipitate must be ignited (in order 
to decompose the nitrate), moistened with hydrochloric acid, and 
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washed till it is quite Iroe ir m chloride of bariuiD. Freshly 
precipitated sulphate of barium is very apt to pass through the 
filter: this may generally be obviated by heating the solution 
with the precipitate some time before filtering. This reaction 
distinguishes sulphuric acid from all other acids, except selenic 
and fiuosilicic acids, which also form barium-salts insoluble in 
water and dilute acids. Sulphate of barium is however easily 
distinguished from selenate and fi uosilicate by the following 
reactions. Selenate of barium is decomposed when heated with 
concentrated hydrochloric acid, chlorine being evolved and se- 
lenous acid formed; also by ignition in a current of hydrogen, 
selenide of barium being formed, which is readily soluble in 
hydrochloric acid. Fluosilicate of barium, when heated with 
strong sulphuric acid, evolves hydrofiuoric acid, which is readily 
recognised by its corrosive action on glass. Sulphate of barium 
is not affected by any of these reagents. 

Sulphates are mostly insoluble in alcohol: the addition of 
alcohol ensures the complete precipitation of calcium-, strontium-, 
and lead-salts by sulphuric acid. Sulphate of lead is less soluble 
in water containing sulphuric acid, than in pure water, requiring 
36,500 parts of the former. The sulphates of the alkaline and 
alkaline-earthy metals and lead, are not decomposed by heat: 
all other sulphates are decomposed by heat, giving off sulphuric 
anhydride, or sulphurous anhydride and oxygen, according to 
the nature of the metal. All sulphates are decomposed when 
heated with charcoal ; the sulphates of the alkaline and alkaline- 
earthy metals (and lead) being reduced to sulphides, and the 
other sulphates evolving sulphurous anhydride. Those sulphates 
which are insoluble in water and acids are entirely decomposed 
by fusion with an alkaline carbonate, (SO* Ba« + CONa^ = SO* 
Na* -I- CO^Ba^). The fused mass should be treated with hot 
water (not with acids), filtered, and the filtrate saturated with 
hydrochloric acid, when the addition of chloride of barium will 
show the presence of sulphuric acid. The sulphates of strontium 
and calcium are entirely decomposed by carbonate of ammonium 
in the cold: sulphate of barium is not attacked by it. 

Blowpipe reactions {see p. 24). 

2 
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d. Sulphurotis Anht/dride, SO*. — The only product of the 
combustion of sulphur in the air. It is also formed by the igni- 
tion of metallic sulphides, by the deoxidation of sulphuric acid by 
charcoal, organic compounds, and several metals, &c. It is at the 
ordinary temperature a colourless gas, with a characteristic smell, 
which is familiar to every one as that caused by burning sulphur. 
It is readily soluble in water, forming 

e. Sulphurotis Acid, SO^H^ (bi basic). — Its solution is very 
unstable, giving off sulphurous anhydride even at the common 
temperature. 

The only normal sulphites that are soluble in water, are those 
of the alkaline metals: those which are insoluble in water are 
readily soluble in sulphurous or hydrochloric acids. Solutions of 
sulphites when exposed to the air absorb oxygen, and are con- 
verted into sulphates. When heated with concentrated nitric 
acid, or treated with chlorine, hypochlorous acid, or iodine, they 
are immediately converted into sulphates without separation of 
sulphur. All sulphites, whether solid or in solution, when treated 
with a strong acid (sulphuric acid is best), evolve sulphurous 
anhydride, which is easily recognised by its smell: in the case of 
a solid sulphite, or a concentrated solution, the gas escapes with 
effervescence. In this reaction there is no separation of sulphur, 
(c) Chloride of barium gives with sulphites a white finely 
divided precipitate of sulphite of barium, insoluble in water, 
readily soluble in hydrochloric acid: on the addition to this solu- 
tion of hypochlorite of sodium, chlorate of potassium, chlorine- 
water, or iodine, sulphate of barium is at once precipitated. This 
reaction distinguishes sulphurous from carbonic acid. Acetate af 
lead gives a white precipitate of sulphite of lead, readily soluble 
in dilute nitric acid, (c) Nitrate of silver gives a white preci- 
pitate of sulphite of silver, which blackens on heating, owing to 
the reduction of metallic silver; the solution then contains sul- 
phuric acid. Subnitrate of mercury gives a grey precipitate of 
metallic mercury. 

Sulphurous acid is a powerful reducing agent : it precipitates 
metallic gold from terchloride of gold, reduces chromic acid to 
green sesquioxide of chromium, arsenic acid by long digestion to 
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arsenious acid, sesquisalts of iron to protosalts, tellurous and 
selenous acids to metallic tellurium and selenium, &c. Metallic 
zinc is dissolved by sulphurous acid without any evolution of gas, 
sulphite and hyposulphite of zinc being formed (Zn^ + SSO^H^zz 
S03Zn2-hS203Zn2-h30H2): if hydrochloric acid be present, 
hydrosulphuric acid is evolved, and may be detected by paper 
moistened with acetate of lead. By this reaction the smallest 
traces of sulphurous acid may be detected (in hydrochloric acid, 
&c.). Most of the following sulphur-acids exhibit the same re- 
action. Aqueous sulphurous acid is decomposed by hydrosul- 
phuric acid, pentathionic acid being formed and sulphur deposited 
(5SH2 + 5S03H2= S«06H2 + S^ + 90H2). 

When a solution of sulphurous acid is heated with chloride 
of tin and hydrochloric acid, yellow sulphide of tin is gradually 
precipitated : this reaction is rendered more delicate by the 
addition of a drop of a soluble copper-salt, owing to the forma- 
tion of black sulphide of copper. In this reaction a piece 
of paper moistened with acetate of lead should be held to the 
mouth of the tube, since the hydrosulphuric acid is frequently 
evolved in the free state. Sulphurous anhydride is readily and 
completely absorbed by peroxide of lead, sulphate of lead being 
formed (Pb^O^-h 80^= SO^Pb^). If a glass rod moistened with 
solution of starch and iodate of potassium be introduced into a 
gaseous mixture containing sulphurous anhydride, blue iodide of 
starch is at once formed. 

Most sulphites are decomposed by heat into a sulphate and a 
sulphide (4S03K2=3SCHK2-hSK«) : the earthy sulphites give 
off sulphurous anhydride, a metallic oxide being left. 

Estimation of Sulphurous Acid, — Sulphurous acid is the only 
oxygen compound of sulphur which (completely in very dilute 
solutions not containing more than 0*04 p. c. of acid) is converted 
by iodine into sulphuric acid (S03H«4-H20h-I2=SO*H2+2IH). 
This reaction serves not only for the detection, but, by the use of 
a standard iodine solution, for the volumetric estimation of 
sulphurous acid. 

Sulphurous acid may also be oxidised into sulphuric acid, and 
estimated as sulphate of barium. 

c 3 
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Blowpipe reactions (see p. 24). 

f. Hyposulphurous Add (Dithionous acid), S^CH*. — Formed 
by the digestion of a sulphite with sulphur : bj the oxidation of 
soluble sulphides in contact with the air : bj dissolving sulphur 
in a solution of an alkaline hydrate, when a metallic sulphide is 
formed simultaneously. It is so unstable an acid that it cannot 
be obtained in the free state, for its aqueous solution is decom- 
posed spontaneously (if dilute, slowly, if concentrated, immediately) 
into sulphurous acid and sulphur, the latter Of which separates 
out(S20»H2=S03IPH-S). 

Most hyposulphites are soluble in water : the barium-salt is diffi- 
cultly soluble. Their solutions give with proto-salts of mereur^i 
salts of leadKndi silver, white precipitates of metallic hyposulphites, 
which speedily become yellow, brown, and black, especially if heat 
be applied, owing to the decomposition of the hyposulphite and 
formation of a metallic sulphide, sulphuric acid remaining in 
solution (S203Ag2 + OH^ = Ag^S + SO*H>). With chloride of Hn 
they give a brown, with suhnitrate of mercury a black, precipi- 
tate of metallic sulphide. Solutions of hyposulphites dissolve 
chloride of silver, subchloride of mercury, and sulphate of lead, 
(c) When heated with hydrochloric acid, hyposulphites evolve 
sulphurous anhydride and deposit sulphur, which in this case is 
yellow, not white, as it usually is when separated from solutions 
by chemical action. When treated with iodine they form a 
metallic iodide and a tetrathionate (2S^03Ba«H-I2=:S*06Ba*+ 
2IBa.) These two reactions distinguish hyposulphurous from 
sulphurous acid. When treated with hypochlorite of sodium, or 
chlorine, hyposulphites are completely oxidised into sulphates, 
even at the ordinary temperature (S^O^Na^ +018+ 5OHa=2S0* 
NaH + 8C1H). All hyposulphites are decomposed by heat : those 
of the alkaline metals into a polysulphide and a sulphate (4S'0' 
K2=S»K2+3SOK2): others into sulphides or sulphates, with 
evolution of sulphurous anhydride, owing to the combustion of 
separated sulphur. With zinc and hydrochloric acid hyposulphites 
behave like sulphites. 

In order to detect hyposulphurous acid in presence of hydro- 
sulphuric acid or a soluble sulphide, the solution is made neutral 
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and precipitated by a zinc salt, the sulphide of zinc filtered off, 
and the filtrate tested for hyposulphurous acid. 

Blowpipe reactions (see p. 24). 

g. Hyposulphuric Acid (Dithionic acid), S^O^H^. — Formed 
by the action of binoxide of manganese on an aqueous solution of 
sulphurous acid, a sulphate being always formed simultaneously 
(2 Mn202 + 3S03H2 = S^O^Mn^ -f SO^Mn^ + SOH^). 

All hyposulphates are soluble in water ; hence, their solutions 
are not precipitated by any reagents. When treated with hypo- 
chlorite of sodium in the cold, their solutions are not oxidised 
into sulphates ; but when heated with nitric acid, or hydrochloric 
acid and chlorate of potassium, they are completely oxidised into 
sulphates. When heated with a non-oxidising mineral acid (sul- 
phuric acid is best) they are decomposed, a sulphate being formed 
and sulphurous anhydride evolved, but no sulphur separated: 
with solid hyposulphates, concentrated sulphuric acid effects this 
decomposition in the cold. In the dry way, they are decomposed 
by heat in precisely the same manner. 

Hyposulphuric acid is distinguished from sulphuric and sul- 
phurous acids, by the solubility of its barium-salt ; from hyposul- 
phurous and the other polythionic acids, by its not separating 
sulphur when decomposed by acids, and by its giving no precipi- 
tate with salts of silver or mercury. 

h. Besides those above enumerated, there are other acids formed 
by the combination of sulphur, oxygen, and hydrogen. They are 
tritkionic acid, S^O^H^ ; tetrathionic acid, S^O^H^ ; and penta^ 
thionic acid, S^O^H^. These acids resemble each other consider- 
ably in their reactions ; but as they are very rare acids, that 
would never be met with in actual analysis, it is not necessary, in 
a practical work, to do more than indicate their existence. These 
acids, together with dithionous and dithionic acids, form the series 
called polythionic acids, i. e. acids containing more than one 
atom of sulphur. 

All polythionates are decomposed when heated with cyanide of 
mercury, hydrocyanic acid being evolved. In the case of dithi- 
onites (hyposulphites), 1 atom of sulphide of mercury is formed 
to 1 atom of sulphuric acid ; in the case of all iVv^ t^^\», V 

4 
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atom of metallic sulphide is formed to 2 atoms of sulphuric 
acid. With tetrathiouates, 1 atom, with pentathionates, 2 atoms, 
of sulphur are mixed with the metallic sulphide. 

Detection of Sulphur in the dry way, and before the blowpipe* — 
Pure sulphur, when heated on platinum foil, melts and volatilises 
entirely, hurning with a blue flame, and being converted into sul- 
phurous anhydride, SO^ which is easily recognised by its smelL 
All the foregoing sulpliur compounds, without exception, when 
heated on charcoal in the inner blowpipe flame with carbonate of 
sodium, or a mixture of 1 part borax and 2 parts carbonate of 
sodium, form sulphide of sodium, which is easily recognised by 
dissolving the fused mass in water, and testing the solution with 
nitroprusside of sodium ; by treating the fused mass with a strong 
acid, when hydrosulphuric acid is evolved ; or by moistening the 
fused mass and placing it on a clean piece of metallic silver, 
when the surface of the silver is marked with a black stain of 
sulphide of silver. Any sulphur compound, when heated on a 
platinum-wire, in the inner or reducing flame, with a bead of car- 
bonate of sodium saturated with silica, gives a yellowish or red- 
dish-brown transparent bead, according to the amount of sulphur 
contained in the compound. 

For the detection of sulphur in organic compounds, the sub- 
stance under examination is fused with solid caustic potash on a 
silver plate, on which, after the fused mass is moistened with 
water, a black stain remains if sulphur be present. Or the com- 
pound is decomposed by nitric acid, hydrochloric acid and chlo- 
rate of potassium, or by fusion with a mixture of nitre with an 
alkaline carbonate or hydrate (which, of course, must be free from 
sulphuric acid) ; and the resulting acid solution tested for sul- 
phuric acid with chloride of barium. Many organic compounds con- 
taining sulphur, are decomposed by merely boiling with a solution 
of caustic potash, sulphide of potassium being formed, which may 
be detected either by acetate of lead, or nitroprusside of sodium* 

5. Cblorine. CI. Atomic weight, 35*5. 

Found principally in combination with sodium, as chloride of 
sodium, or common salt, both in solution in sea-water, and in the 
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solid state as rock-salt. At the ordinary temperature chlorine is 
a heavy gas of a yellowish green colour, and a most irritating 
smell : in presence of water it bleaches litmus, indigo, and other 
vegetable colours. It is readily soluble in water, forming a solu- 
tion possessing the characteristic colour and smell of the gas, which 
is commonly called chlorine-water. This solution gives with 
hydrosulphuric acid& precipitate of sulphur ; with nitrate of silver^ 
chloride and chlorate of silver ; with acetate of lead, chloride and 
peroxide of lead. Chlorine-water always contains hydrochloric and 
hypochlorous acids, owing to spontaneous decomposition. CP + 
0H*=C1Hh-C10H. Hence all the chlorine cannot be removed 
from chlorine-water by nitrate of silver ; for, after the separation 
of chloride of silver, hypochlorous acid remains in solution, and 
may be detected by its bleaching action on vegetable colours. 

Acids and Oxides op Chlorine, a. Hydrochloric Acid, CIH. 
Metallic Chlorides, — Hydrochloric acid is a colourless gas, that 
fumes in contact with the air : it possesses a strong acid reaction 
and a suffocating smell. It is very readily absorbed by water : a 
saturated solution of it in water constitutes concentrated hydro- 
chloric acid. This is a colourless liquid, fuming strongly on con- 
tact with air. When the concentrated acid is heated, only a por- 
tion of the dissolved gas can be driven off, dilute acid remaining. 
With all basic metallic oxides, hydrochloric acid forms metallic 
chlorides and water : with peroxides (as well as with chromates, 
chlorates, and hypochlorites), it evolves chlorine, especially on 
lieating (Mn^ 02 + 4ClH=2MnCl + 20H2H-C12): with nitric acid 
it evolves chlorine (Aqua-regia, p. 8). Pure hydrochloric acid 
does not bleach vegetable colours. 

Metallic chlorides differ considerably in their physical properties. 
Some are liquid, or of the consistency of butter, and volatile with- 
out decomposition (chlorides of antimony, arsenic, tin) : others are 
solid, fusible, and non-volatile (chlorides of silver, lead, potassium, 
sodium, barium) : others are decomposed by heat into chlorine and 
the metal (chlorides of gold and platinum), or if heated in contact 
with air, into chlorine and the metallic oxide (chloride of iron). Most 
chlorides are soluble in water : chloride of silver, CI Ag, and sub- 
chloride of mercury, ClHg^, are insoluble ; subchlorvda oi c.a^^^^> 
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ClCu^ protochlorides of gold and platinum, ClAu, ClFt, are almost 
insoluble; chloride of lead, ClPb, and many oxychlorides, are 
difficultly soluble, (c) Aqueous solutions of chlorides give with 
nitrate of silver, a white curdy precipitate of chloride of silver, 
which becomes violet by exposure to light : it is insoluble in dilute 
acids, readily soluble in ammonia, whence it is reprecipitated by 
nitric acid : even in the most dilute solutions nitrate of silver gives 
an opalescence. The solution of chloride should be acidulated with 
nitric acid. This reaction distinguishes chlorides from all salts, 
except bromides, iodides, and cyanides. Suhnitrate of mercury 
gives a white precipitate of subchloride of mercury, insoluble in 
water and dilute acids, readily soluble in chlorine-water and aqua- 
regia, blackened by ammonia. Acetate of lead gives, with a not 
too dilute solution of a chloride, a white crystalline precipitate 
of chloride of lead, soluble on boiling with excess of water, from 
which solution it crystallises on cooling. When heated with sul- 
phuric acid, chlorides give off hydrochloric acid gas (2ClNa+ 
SO*H2=SO*Na2H-2ClH): only the chlorides of mercury, silver, 
lead, and tin are decomposed with difficulty or not at all by sul- 
phuric acid. With binoxide of manganese and sulphuric acid, 
chlorides evolve chlorine, easily recognised by its colour and smell, 
(c) When heated in the dry way with bichromate of potassium 
and sulphuric acid, chlorides evolve red fumes of chlorochromic 
acid, Cr^O^Cl^ which give a yellow solution when passed into 
water or aqueous ammonia. Bromides when similarly treated also 
evolve red fumes ; but these form a colourless solution in aqueous 
ammonia, and their solution in water is decolorised by heat. 

Blowpipe reactions. — Chlorides give a blue colour to the outer 
flame, when heated with a bead of microcosmic salt (phosphate of 
sodium, ammonium, and hydrogen) saturated with oxide of copper. 

b. Perchloric Acid, C10*H. — Formed by the primary decom- 
position of chlorate of potassium by heat or by sulphuric acid. 
(2C103K = CIK + 02 -h ClO^K.) 

Aqueous solutions of perchloric acid or perchlorates do not 
bleach vegetable colours. All perchlorates are soluble in water ; 
perchlorate of potassium is the least soluble, hence a strong solu- 
tion of a perchlorate gives a crystalline precipitate with a potas- 
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slum-salt. This precipitate is quite insoluble in alcohol. The 
alkaline and alkaline-earthy perchlorates, are decomposed by heat 
into chlorides and oxygen ; they explode feebly when heated 
with charcoal. They are not decomposed by sulphuric acid in 
the cold, or by heating with hydrochloric acid, or any dilute acid ; 
when heated with strong sulphuric acid, they are decomposed 
with difficulty, without the formation of any bleaching liquid. 
These reactions distinguish perchloric from other chlorine acids. 

c. Chloric Acidy ClO^H. — Formed by the action of chlorine on 
an aqueous solution of potash or soda (SK^O + CI® =C10^K 
-f- 5C1K). The aqueous solution of chloric acid is a colourless 
liquid, which first reddens and then bleaches litmus ; it is decom- 
posed by heat into perchloric acid, oxygen, and chlorine ; it is 
readily deoxidised by hydrosulphuric, sulphurous, phosphorous, 
and hydrochloric acids, and by many organic compounds. 

All chlorates are soluble in water ; they cannot, therefore, be 
precipitated by any reagent, not even by nitrate of silver. Their 
aqueous solution does not bleach litmus. They are decomposed 
by heat, fusing and evolving oxygen, or a mixture of oxygen and 
chlorine, while in some cases a chloride, in others an oxide or 
a basic chloride, remains behind. When mixed with combustible 
bodies (as sulphur, phosphorus, carbon, or organic bodies gene- 
rally), they explode violently on heating, rubbing strongly, or 
moistening with fuming sulphuric acid. If a fragment of a 
chlorate be brought into contact under water with phosphorus 
and strong sulphuric acid, the phosphorus takes fire, (c) When 
treated with strong sulphuric acid, even in the cold, chlorates 
give a brown or yellow colour, while a greenish-yellow gas, ClO^ 
is evolved, which explodes if the mixture be heated (SCIO^K 
+ 2S04H2 = 2S0*KH -f ClO^K -f 2C102 + H^O.) When 
chlorate of potassium is heated with hydrochloric acid, a yellow 
solution is formed, and a yellow gas evolved, which is a mixture 
of chlorine with some lower oxide of chlorine ; this gas, which 
is commonly called euchlorine, explodes violently when heated. 
The solution is a powerful oxidising and dissolving medium. 

The reducing action exercised by sulphurous acid on chloric acid, 
famishes a test for the distinction of chloric from i^et^YAotv^ ^^-A* 
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If a solution of a chlorate be heated with excess of sulphurous 
acid, the addition of nitrate of silver gives a white precipitate, 
composed of a mixture of sulphite and chloride of silver, which 
is not entirely dissolved on the addition of nitric acid. Perchlo- 
rates arc not reduced hy sulphurous acid ; hence, if their solutions 
be similarly treated, the precipitate caused by nitrate of silver, 
consisting entirely of sulphite of silver, is readily soluble in nitric 
acid. 

d. Peroxide of Chlorine (hypochloric acid), ClO^. — A 
greenish-yellow explosive gas, possessing a smell somewhat re- 
sembling that of burnt sugar. Its aqueous solution is decomposed 
at once into chloric and chlorous acids (2 ClO^ -f OH* = 
ClO^H + C102H). 

e. Chlorous Anhydride^ CPO^. — Formed by the action of nitrous 
acid, or of nitric acid in presence of arsenious or tartaric acids, on 
chlorate of potassium. It is a yellowish-green gas that bleaches 
vegetable colours, and is readily decomposed by lieat. It decolorises 
permanganate of potassium. It is readily soluble in water, forming 

f. Chlorous Acid, ClO^H. — Chlorites are very easily decom- 
posed into chlorides and chlorates. Their solution gives a whitish 
yellow precipitate with nitrate of silver or lead. The former is 
soluble in excess of water. 

g. Hypochlorous Anhydride^ CPO.— A dark yellow gas resem- 
bling chlorine in its smell and bleaching powers : it is decomposed 
by heat, with explosion, into chlorine and oxygen. It is readily 
soluble in water, forming 

h. Hypochlorous Acid, ClOH. — When dilute, a colourless liquid; 
when concentrated, it has a yellow tinge. It is a most powerful 
bleaching agent. Hypochlorites generally occur as bleaching 
salts ; they are prepared by the slow action of chlorine at a low 
temperature upon the alkaline or alkaline-earthy hydrates (solu- 
tions of potash, soda, &c.). Thus obtained, they are always mixed 
with metallic chlorides (C12 + K20=C10K-hClK). The most 
familiar example of a hypochlorite is bleaching powder, com- 
monly called chloride of lime ; it is a mixture of hypochlorite, 
chloride, and hydrate of calcium. Hypochlorites are very unstable, 
being decomposed even by carbonic acid, with liberation of hypo- 
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chlorous acid. This property renders chloride of lime valuable as 
a disinfectant. 

All hypochlorites are soluble in water ; their solution has a 
caustic taste and a peculiar smell, somewhat resembling that of 
chlorine, which is owing to free hypochlorous acid. Their solu- 
tion bleaches litmus, especially if the hypochlorous acid be set free 
by the addition of a mineral acid : it is also a powerful oxidising 
agent. Hypochlorites are decomposed by heat into chlorides and 
chlorates, (c) When treated even with very dilute acids, they 
evolve, if quite pure, hypochlorous anhydride; if mixed with 
chlorides (as in bleaching powder), chlorine (ClCa+ClOCa-f 
S0*H2 = S0*Ca2 + H2 -I- Cl^). Alkaline hypochlorites give with 
protO'Salts of manganese, a gradual brown precipitate of peroxide 
of manganese ; with salts of lead, first a precipitate of white chlo- 
ride, then of brown peroxide, of lead ; with silver-salts^ chloride of 
silver ; with subsalts of mercury, subchloride of mercury. If a 
solution of arsenious anhydride in hydrochloric acid is coloured by 
a few drops of an indigo solution, and a solution of a bleaching 
salt gradually added, the indigo is not decolorised by the chlorine 
evolved until the whole of the arsenious anhydride has been con- 
verted into arsenic anhydride. On this reaction is founded a method 
for the valuation of bleaching powder, by means of standard solu- 
tions of arsenious anhydride and of chloride of lime. ( See p. 246.) 

A striking analogy will be perceived between the above series 
of oxygen compounds of chlorine, and the corresponding series of 
oxides of nitrogen. Nor is the analogy confined to the existence of 
the same terms in each series ; but the corresponding terms in each 
series are singularly analogous in many of their properties. Thus 
we find that chlorates and nitrates are alike soluble in water; that 
they are very readily deoxidised, and so are powerful oxidising 
agents, &c. It is not difl&cult, however, to distinguish between 
these two salts. Chlorates do not exhibit the reactions with proto- 
sulphate of iron, and sulphuric acid and copper filings, which are 
characteristic of nitrates : and alkaline and alkaline-earthy chlo- 
rates yield on ignition a residue whose solution is neutral to test- 
paper, and exhibits the reactions of a chloride, while the nitrates of 
the same metals leave an alkaline residue after ignition. 
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Hypochlorites are distinguished from the higher chlorine acids 
by the bleaching action of their aqueous solutions, either alone 
or on addition of the weakest acid. 

Chlorides are distinguished from all other chlorine salts bj 
their evolving hydrochloric acid gas,' when heated with sulphuric 
acid, which reddens litmus strongly, but does not bleach it at ail. 

Detection of Chlorine in organic compounds. The most speedy 
method for ascertaining the presence of chlorine in organic com- 
pounds consists in introducing the compound under examination 
into the flame of a lamp, when, if chlorine be present, a green tinge 
will be given to the flame. There are but few organic compounds in 
which chlorine can be detected by means of nitrate of silver. In 
the great majority of cases the compound must be decomposed be- 
fore chlorine can be detected in it by this reagent. This decom- 
position is best effected by heating the compound to redness with 
quick-lime, which must be freed from chloride of calcium by 
washing, and subsequently ignited, when, if chlorine be present in 
the compound, chloride of calcium is formed. The cooled mass 
is dissolved in dilute nitric acid, and the solution tested with 
nitrate of silver. By employing a known weight of the organic 
compound, and determining the weight of the chloride of silver 
obtained, the chlorine present may be accurately estimated by this 
method. 

6. Bromine. Br. Atomic weight, 80. 

Bromine is a dark-red heavy liquid : it boils at 47°, but at 
the ordinary temperature gives off red fumes which have a most 
offensive smell, and a peculiarly irritating action both on the 
lungs and eyes. It is somewhat soluble in water, giving a red or 
yellow solution, according to the degree of concentration; this 
solution decolorises litmus and indigo, gives with hydrosulphuric 
acid a precipitate of sulphur, with starch an orange-red colour, 
and generally resembles chlorine water in its behaviour to other 
reagents. It combines readily with most metals, forming metallic 
bromides. 

Acids of Bsomine. a. Hydrohromic Acid, BrH. MeUMe 
Bromides. — Hydrobromic acid is a colourless gas, which, like 
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hydrochloric acid, is very soluble in water, the behaviour of the 
colourless solution when heated exactly resembles that of the 
aqueous solution of hydrochloric acid. 

Bromides generally very closely resemble chlorides in their 
reactions. With nitrate of silver , their solution gives a yellowish 
white curdy precipitate of bromide of silver, BrAg, which is 
insoluble in dilute nitric acid, soluble in ammonia, but less 
easily than the chloride; easily soluble in cyanide of potas- 
sium, or hyposulphite of sodium. If the precipitate of BrAg, 
after pouring off the supernatant liquid, be treated with strong 
hydrochloric acid, the mixture becomes red, and when heated 
evolves vapours of bromine. Subnitrate of mercury gives a 
yellowish white precipitate of sub-bromide of mercury, BrHg^, 
insoluble in dilute nitric acid, readily soluble in chlorine-water, 
giving a deep yellow solution. Acetate of lead gives a white 
precipitate of bromide of lead, BrFb, less soluble than the 
chloride in excess of water, readily soluble in nitric acid. When 
heated with concentrated nitric acid, bromides evolve dark- 
red bromine vapours; with sulphuric acid, hydrobromic acid, 
together with bromine and sulphurous anhydride ; with sulphuric 
acid and binoxide of manganese, nothing but bromine, which may 
be detected, if present in too small a quantity to be visible to the 
eye, by the orange-red colour which it gives to a piece of paper 
moistened with starch-paste, and held to the mouth of the tube. 

Sulphuric acid containing peroxide of nitrogen, or a mixture 
of nitrite of potassium and hydrochloric acid, separates no 
bromine from metallic bromides. All bromides are decomposed 
by free chlorine, or by hydrochloric acid, a chloride being formed 
and bromine set free. (c) If chlorine-water be added to a 
solution of a bromide, or to a solid bromide (as BrAg), the solu- 
tion is coloured yellow by the bromine set free ; and if it be now 
agitated with a little ether, the ether will dissolve all the bromine, 
forming a yellow or red layer at the top of the liquid. By com- 
paring the colour of this layer with that of a standard ethereal 
solution of bromine, the quantity of bromine present may be 
approximately estimated. The ethereal solution of bromine is 
decolorised by solution of potash, with formation of bromide 
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and bromate of potassium ; and the alkaline solution, when dis- 
tilled with sulphuric acid, gives off vapours of bromine. If very 
little bromine be present, it is advisable to evaporate the solution 
under examination to dryness, to treat the residue with alcohol, 
filter, evaporate the alcoholic solution to dryness, dissolve the 
residue in as little water as possible, and treat this solution with 
chlorine- water and ether. When the quantity of bromine is very 
small, only a drop of chlorine-water should be added. This is 
the method usually employed for the detection of bromine in 
mineral waters. This reaction does not distinguish bromine from 
iodine. 

Blotapipe reactions. — With a bead of microcosmic salt and 
oxide of copper, bromides give a blue colour to the outer flame, 
which has a somewhat greener tinge than the colour similarly 
produced by chlorides. 

Bromides are most readily distinguished from chlorides, by 
their reactions with sulphuric acid and chlorine. From a solution 
containing both salts, the whole of the bromide may be pre- 
cipitated by careful addition of nitrate of silver, while some of the 
chloride still remains in solution. 

b. Bromic Acid, BrO^H. — This is the only oxygen acid of 
bromine known. 

Bromates generally closely resemble chlorates in their reactions, 
especially in exploding when heated with charcoal, or other com- 
bustible substances. When heated alone, bromates evolve oxygen, 
(and sometimes bromine,) a metallic bromide being left. A solid 
bromate, heated with sulphuric acid, evolves bromine and oxygen ; 
a solution of a bromate is coloured red, even by dilute sulphuric 
acid. With concentrated hydrochloric acid, bromates yield 
chloride of bromine, and form a yellow solution. A not too dilute 
solution of a bromate gives, with lead-salts, a white precipitate ; 
with subsalts of mercury, a yellowish white precipitate, insoluble 
in nitric acid in the cold ; with silver-salts, a white precipitate, 
almost insoluble in water, difficultly soluble in dilute nitric acid, 
easily soluble in ammonia. This precipitate is distinguished from 
chloride of silver by its evolving red vapours of bromine when 
heated with hydrochloric acid. 
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The reactions with silver-salts and with sulphuric acid, dis- 
tinguish bromates from chlorates. 

In organic compounds, bromine is detected by the methods 
already described in the case of chlorine (p. 30). 

7. Itidlne. I. Atomic weight, 127. 

Iodine, at the ordinary temperature, is a greyish-black metallic- 
looking solid, which gives off deep violet fumes on a slight 
elevation of temperature. It has an unpleasant smell, somewhat 
resembling that of chlorine. It stains the skin a deep yellow or 
brown. It is very slightly soluble in water, very readily in 
alcohol, ether, iodide of potassium, and hydriodic acid, forming 
brown solutions ; and in bisulphide of carbon, CS^, with a mag- 
nificent violet colour, which is so intense as to afford one of the 
most delicate reactions for the detection of free iodine. It is also 
soluble, with a red colour, in chloroform, benzol, and petroleum. It 
is soluble in hyposulphite of sodium, with formation of tetrathi- 
onate of sodium (2S203NaHI2 = S40«Na2 4-2INa) ; with very 
dilute sulphurous acid it forms sulphuric and hydriodic acids ; 
with hydrosulphuric acid it forms hydriodic acid, and separates 
sulphur. Iodine has a slight bleaching action on vegetable colours, 
but in a degree very inferior to either chlorine or bromine. Free 
iodine in solution forms a deep blue compound with starch solu- 
tion, the colour of which is destroyed by heat ; the smallest traces 
of free iodine may be thus detected. It combines with most 
metals, forming metallic iodides. 

Acids of Iodine, a. Hydriodic Acid, IH. Metallic Iodides. 
— Hydriodic acid is a colourless gas, readily soluble in water, 
forming a colourless solution, which, when heated, behaves like 
the solutions of hydrochloric and hydrobromic acids. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine set free, which dissolves in the undecomposed acid, and 
colours the solution brown. 

Alkaline, and alkaline-earthy iodides, are soluble in water: 
most other metallic iodides are insoluble. The alkaline iodides 
are not decomposed when heated in the air : other iodides are 
partially decomposed by heat, iodine- vapours being given off, and 
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a metallic oxide left. When heated with sulphuric acid, iodides 
give off iodine-vapours and sulphurous anhydride : by the addition 
of binoxide of manganese, the evolution of sulphurous anhydride 
is prevented, (c) Nitrate of silver gives vrith solutions of 
iodides a yellowish-white precipitate of iodide of silver, lAg, 
insoluble in common nitric acid, almost entirely insoluble in 
ammonia, which destroys its yellow tinge ; soluble in cyanide of 
potassium, soluble also when boiled with strong fuming nitric 
acid, iodine being set free. Suhnitrate of mercury gives a yel- 
lowish-green precipitate of subiodide of mercury, IHg^, insoluble 
in dilute nitric acid, soluble in iodide of potassium. Protosalts of 
mercury give a vermilion-red precipitate of iodide of mercury, 
IHg, soluble in excess either of the mercury salt or of the 
iodide : this precipitate, when dried and heated, becomes yellow, 
(c) Lead-salts give a bright yellow precipitate of iodide of lead, 
IPb, soluble on boiling with excess of water, from which solution 
it crystallises on cooling in beautiful shining yellow scales : soluble 
in dilute nitric acid, (c) Nitrate of palladium gives a black 
precipitate of iodide of palladium, IPd, insoluble in cold hydro- 
chloric or nitric acid, soluble in ammonia : this reagent serves to 
separate iodine from chlorine and bromine, and to estimate iodine. 
Iodine is also completely precipitated from solutions of iodides by 
a mixture of 1 part sulphate of copper, and 2 J parts protosulphate 
of iron, or by a mixture of sulphate of copper with sulphurous 
acid, as dirty-white subiodide of copper, ICu'. Neither chlorides 
nor bromides are precipitated by this reagent. 

Iodides, whether solid or in solution, are easily decomposed by 
chlorine, bromine, strong nitric acid, nitrous acid, peroxide of nitro- 
gen, peroxide of barium and hydrochloric acid, strong sulphuric 
acid, or sulphuric acid and binoxide of manganese : in all these 
cases iodine is separated, and, according to the quantity and form of 
the iodide employed, is either precipitated as a black powder, dis- 
solved, forming a brown solution, or given off in characteristic violet 
fumes, (c) When this iodine, however set free, comes into contact 
with solution of starch, a blue compound is formed (if very little 
iodine be present, the colour is violet or rose-red ; if excess of 
iodine, green), which affords the most delici^te test for the detection 
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of iodine. The best way to apply this test for the detectioiji of 
very small traces of iodine, is to add to the liquid under examina- 
tion (which must be neutral or slightly acid) a drop of solution 
of starch, and to pass into it the nitrous fumes evolved by the 
action of nitric acid on metallic copper : if the slightest trace of 
an iodide be present, a violet or reddish tinge will at once be pro- 
duced. Instead of starch, bisulphide of carbon may be added to 
the iodide-solution that has been decomposed by any of the above 
reagents, which, on agitation, will dissolve the free iodine, giving 
a violet colour. The free iodine may also be dissolved by ether : 
but the colour of the solution so closely resembles that of bromine, 
that iodine cannot be detected by this method in presence of 
bromine. Solutions coiitaining very little iodide should be 
evaporated and treated with alcohol, as described in the case of 
bromides (p. 32). Chlorine-water, which is often used instead of 
nitrous fumes to decompose the iodide, has this disadvantage, that 
excess of it forms chloride of iodine, and destroys the blue colour 
of iodide of starch, and the violet colour of the bisulphide of car- 
bon solution : when it is employed for the detection of traces of 
iodine, it should be in a very dilute solution, or, better still, a 
little of the gas from an open bottle of chlorine-water should be 
Idlowed to come in contact with the surface of the iodide solution. 
Insoluble compounds are examined for iodine by moistening them 
in a stoppered bottle with strong sulphuric acid, introducing a 
slip of paper moistened with starch-paste between the neck and 
stopper of the bottle, and allowing it to remain for some hours, 
when it will be coloured violet if the smallest trace of iodine be 
present. The blue colour of iodide of starch is destroyed by 
alkalis, by hydrosulphuric, sulphurous, or arsenious acids, by 
chloride of tin or chloride of mercury, or by any reducing organic 
body. The blue colour, when destroyed by alkalis, may be restored 
by any dilute acid (even acetic), but not by chlorine-water. 
Heat also destroys the blue colour, which, however, reappears on 
cooling. 

itawpipe reactions, — With a bead of microcosmic salt and 
oxide of copper, iodides colour the outer flame emerald-green. 

b. Periodic Aeidy IO*H.-^ Formed by the action of chlorine on 
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an alkaHne solution of iodate of sodium (I03Na+2Cl + NaHO= 
lO^iNa + ClNa+ClH). It is a crystalline body : it is decomposed 
by heat into oxygen and iodine-vapours. It forms basic as well 
as normal salts. 

Periodates are very stable salts. Their solution gives with 
barium' and /eaJ-salts white precipitates soluble in dilute nitric 
acid ; with silver-salts a brown precipitate soluble in dilute nitric 
acid and ammonia. Periodates when heated generally behave like 
iodates. 

c. Iodic Acid, lO^H. — Formed by dissolving iodine in solutions 
of potash or soda (3K20h-I«=I03K+5IK): by the action of 
concentrated nitric acid on iodine, or of carbonate of sodium on 
chloride of iodine. It is a crystalline body, decomposed by heat 
into oxygen and iodine-vapours : readily soluble in water. It is 
instantaneously reduced by hydrosulphuric, sulphurous, and hy- 
driodic acids, and nitric oxide, iodine being set free, which may 
be detected by means of starch. 

Only the alkaline iodates are soluble in water. They are de- 
composed by heat, giving off oxygen (and in some cases iodine- 
vapours) and leaving a residue of iodide. Their solutions give white 
precipitates with salts of barium, lead, and silver, and subsalts of 
mercury: iodate of silver is insoluble in dilute nitric acid, soluble 
in ammonia, whence sulphurous acid throws down iodide of 
silver. Soluble iodates are decomposed by hydrosulphuric add, 
an iodide and sulphuric acid being formed, and sulphur deposited : 
sulphurous acid separates iodine, soluble in excess of the reagent : 
hydrochloric acid forms chloride of iodine : solution of indigo is 
decolorised on addition of sulphuric acid. A solution of an iodate 
containing iodide of potassium is decomposed by the weakest 
acids (even acetic), iodine being set free, which may be detected by 
starch paste. This reaction serves to detect iodic acid in iodide 
of potassium. Iodates are not decomposed when heated with 
strong sulphuric acid, unless some reducing agent (as protosulphate 
of iron) be present : in which case iodine-vapours are given off. 
Iodates explode when heated with charcoal, but more feebly than 
chlorates or bromates. 

Iodates are distinguished from all other salts, except periodates. 
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by their liberating iodine when treated with reducing agents. 
Periodates are so much more stable than iodates, that hjdrosul- 
phuric acid is the onlj agent by which they can be reduced, with 
liberation of iodine. Periodates can always be distinguished from 
iodates by means of nitrate of silver. 

The mode of detecting iodine in organic compounds is the same 
as that adopted for chlorine and bromine (p. 30). 

Separation and estimation of Chlorine, Bromine, and Iodine, — 
For the detection of a bromide in presence of an iodide, the iodine 
is first removed by decomposing the iodide by a mixture of 
faming nitric acid with sulphuric acid, and dissolving out the 
iodine by repeated agitation with ether. The ethereal solution of 
iodine is then removed, and chlorine-water carefully added to the 
remaining liquid, which is again agitated with ether, which 
dissolves out the bromine. Small quantities of a chloride in 
presence of excess of bromide, are best detected by distilling the 
dry salts with bichromate of potassium and fuming sulphuric 
acid, and leading the vapours evolved into aqueous ammonia, 
which, if a chloride be present, is coloured yellow, owing to the 
formation of chromate of ammonium, while, if only a bromide be 
present, it remains colourless. Small traces of a chloride in 
presence of an iodide cannot be detected in this manner. The 
best method in this case is to precipitate the chlorine and iodine 
together by nitrate of silver, digest the precipitate with ammonia, 
filter, and add nitric acid to the filtrate, when an opalescence will 
be produced, if the smallest trace of a chloride be present. A 
solution of chloride of silver in ammonia gives no precipitate with 
a metallic chloride, but with an iodide it gives a precipitate of 
iodide of silver. 

For the quantitative separation of chlorine, bromine, and iodine 
in solutions containing chlorides, bromides, and iodides, the iodine 
is first removed by nitrate of palladium, and the black precipitate 
of IPd collected after 12 hours on a weighed filter, dried, and 
weighed. (The iodine may be removed, though with somewhat 
less accuracy by the mixture of sulphate of copper and protosul- 
phate of iron (p. 34); the subiodide of copper is dried at 120° 
and weighed.) The excess of palladium is then removed from the 
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solution by hydrosulphuric acid, and the excess of hydrosulphuric 
acid by sesquisulphate of iron which is perfectly free from chloride, 
and the bromine together with a portion of the chlorine removed 
by fractional precipitation by nitrate of silver. The precipitate 
is dried and weighed, fused in a stream of chlorine, and the 
bromine determined by its loss in weight. Or the weighed 
mixture of chloride and bromide is reduced by clean metallic zinc, 
with addition of a few drops of hydrochloric acid, and when the 
reduction is complete the resulting metallic silver is weighed. If 
a standard solution of nitrate of silver (t. e. a known quantity of 
silver) be employed for the precipitation, the bromine may be cal- 
culated at once from the weight of the precipitate. The rest of 
the chlorine is then completely precipitated by nitrate of silver, 
and the resulting OlAg dried, ignited, and weighed. 

Iodine and its lower chlorine-compounds impart an intense 
violet colour to bisulphide of carbon ; pentachloride of iodine, 
ICl^ does not. Hence, the colour disappears as soon as the pen- 
tachloride is formed. On this reaction is founded a volumetric 
method for estimating iodine in presence of chlorine and bromine 
(Pr 254). 

8. Cyanogen. CN. Cy. Atomic weight, 26. 

This substance, though not an elementary body, exhibits such 
striking analogies with chlorine, bromine, and iodine, that it may 
be most fitly treated of in connection with then). It is a colour- 
Jless condensible gas, with a peculiar smell resembling that of 
peach-kernels, and irritating the eyes as well as the nose. It is 
cpmbjastible, burning with a violet-blue flaipe. It is moderately 
soluble in water, much more so in alcohol : these solutions 
■undergo decomposition, even in stoppered bottles, especially if 
exposed to the light ; they assume a brown colour, and are found 
to contain carbonic, oxalic, and hydrocyanic acid^) apimonia, ureti^ 
and paracyanogen {a brown substance which is isomeric with 
cyanogen). Cyanogen is completely absorbed by solution of 
potash, and (more plowly) by moist oxide of mercury. 

4ciDS OP CrANOGEN. Hydrocyanic or Prussic Acid, CyH. 
Jdetallic C^ante^^f.---- Hydrocyanic acid is a transparent, combus<- 
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tible, very volatile liquid (boiling at 26^\ with a peculiar smell, 
resembling that of bitter almonds. It is the most deadly poison 
known. In the pure state it is decomposed even in closed vessels, 
depositing paracjanogen. It is a very weak acid, reddening lit* 
mas feebly, and not decomposing carbonates. By alkalis or 
strong acids, it is decomposed into formic acid and ammonia, 
which latter remains combined with the acid employed (CNH-h 
20H2= CH02H + NH3). It is soluble in all proportions in water, 
alcohol, and ether ; its solution is gradually decomposed by light, 
even in closed vessels, though less rapidly than the pure acid. 

The alkaline and alkaline-earthy cyanides are readily soluble in 
ivater ; in the solid state they absorb moisture from the air, and 
deliquesce ; their solution has an alkaline reaction, and smells of 
hydrocyanic acid, and is decomposed even by the weakest aci^s hy- 
drocyanic acid being set free. The cyanides of the heavy metals 
are mostly insoluble in water (cyanide of mercury is soluble), and 
are not decomposed by oxygen acids ; hydrochloric or hydrosul- 
pfaaric acid decomposes them, liberating hydrocyanic acid. The 
cyanides of potassium and sodium are not decomposed by ignition 
in closed vessels ; but when heated in contact with oxygen, they 
take it up, and are converted into cyanates. This property renders 
them valuable agents for reducing metallic oxides and sulphides 
to the metallic state. The behaviour of the cyanides of the heavy 
metals on ignition, is very various. Cyanide of mercury yields 
cyanogen, paracyanogen, and mercury ; others yield nitrogen, and 
a metallic carbide, or cyanogen and a metallic subcyanide (or para- 
cyanide). The alkaline cyanides form soluble double cyanides, with 
those of many heavy metals. Thus the cyanides of gold^ palla- 
dium, silver, copper, cadmium, nickel, iron, chromium, manganese, 
cobalt, zinc, &c., are readily soluble in cyanide of potassium. 
The solution, which contains a double cyanide of potassium and 
the heavy metal, is not precipitated by an alkaline hydrate or 
carbonate ; in some cases (the double cyanides of silver, mercury, 
and cadmium) the heavy metal is readily precipitated as sulphide 
by hydrosulphuric acid ; in others (those of manganese, nickel^ 
zinc, and copper) the sulphide is only partially precipitated ; in 

others (those of iron and cobalt), it is not precipitated at all. 

D 4 
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Nitrate of silver gives with a solution of a cyanide a white, 
curdy precipitate of cyanide of silver, CyAg, insoluble in dilute 
nitric acid, soluble in ammonia, hyposulphite of sodium, cyanide 
of potassium, and concentrated nitric acid. This precipitate is 
distinguished from chloride, bromide, and iodide of silver, which 
it closely resembles, by its giving off the smell of hydrocyanic 
acid when treated with concentrated hydrochloric acid ; and by 
its decomposition by heat into cyanogen, and a mixture of para- 
cyanogen and metallic silver, while the other salts fuse without 
decomposition. The superior volatility of hydrocyanic acid also 
enables us to detect it in presence of the other three acids. K a 
solution containing free hydrocyanic acid be placed in a watch- 
glass, and another watch-glass moistened with nitrate of silver 
be inverted over it, a deposit of cyanide of silver will speedily 
be formed in the upper glass, even at the ordinary temperature ; 
while no precipitate is formed in similar circumstances by the 
other three acids. To obtain this reaction, the acid must be free ; 
therefore, if a solution of a cyanide be employed, it must be first 
decomposed by a stronger acid. Subsalts of mercury give a grey 
precipitate of metallic mercury, while cyanide of mercury re- 
mains in solution (2CyH + OHg* = 2CyHg + Hg2 + 0H«). 
(c) ProtO'Salts of mercury give no precipitate, cyanide of mercury 
being soluble ; if the solution be boiled with oxide of mercury, a 
basic cyanide is formed, which is alkaline to test-paper. No 
other acid exhibits this reaction. Sulphate of copper, containing 
sulphurous acid, gives a white precipitate of subcyanide of cop- 
per, CyCu^, soluble in cyanide of potassium. Iron-salts give no 
precipitate with free hydrocyanic acid. With cyanide of -potas- 
sium sesquichhride of iron precipitates sesquihydrate of iron, 
hydrocyanic acid being set free. Protosalts of iron, if quite 
free from sesquisalt, give a yellowish -red precipitate (CyFe?), 
soluble in excess of cyanide of potassium, especially on addi- 
tion of potash : the solution contains ferrocyanide of potas' 
sium. Hereon is founded one of the best methods for detecting 
hydrocyanic acid, (c) Potash is first added to the liquid under 
examination, and then a mixture of proto- and sesquisalt 
of iron (protosulphate of iron that has been exposed some 
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time to the air, answers the purpose), and finally excess of 
hydrochloric acid, which dissolves the oxides of iron which 
have been precipitated by the potash, and leaves behind a dark 
blue precipitate of Prussian blue. K mere traces of cyanide be 
present^ there is no immediate precipitate, but the solution has a 
green colour, and deposits Prussian blue after long standing, 
(c) The following reaction is even more delicate, if possible. 
Add to the solution under examination (in a small porcelain 
basin) a drop or two of yellow sulphide of ammonium, and evapo- 
rate to dryness on a water-bath ; if even a trace of a cyanide be 
present, sulphocyanate of ammonium will be formed, which, when 
the dry residue is dissolved in alcohol and a drop of sesquichloride 
of iron added, gives a deep red colour. A solution containing 
free hydrocyanic acid dissolves oxide of mercury^ forming cyanide 
of mercury, and the solution is not precipitated by alkalis, but 
hydrosulphuric acid precipitates black sulphide of mercury ; 
very small quantities of hydrocyanic acid may be detected in this 
manner. K the solution contains any free hydrochloric acid, the 
addition of ammonia gives a precipitate of subchloride of mercury. 
If a solution containing free hydrochloric and hydrocyanic acids 
be evaporated to dryness with borax, the hydrocyanic acid alone 
volatilises, and hydrochloric acid may be detected in the residue 
by means of nitrate of silver. 

When heated with concentrated sulphuric acid, cyanides are 
decomposed into a metallic sulphate, sulphate of ammonium, and 
carbonic oxide (2CNM+ 280^2 + 2H2O = SO^M^ + S04(NH4)2 
4- 2C0). All cyanogen compounds are decomposed when 
heated to redness with oxide of copper, yielding 2 vols, carbonic 
anhydride and 1 vol. nitrogen. Many double cyanides, whether 
soluble or insoluble, which cannot be otherwise decomposed, may 
be decomposed by prolonged heating with aqua-regia, or fuming 
nitric acid ; or by fusion with three or four times their weight of 
a mixture of 3 parts sulphate and 1 part nitrate of ammonium ; 
the heavy metal may then be detected in the residue by the usual 
reagents. 

Estimation of Hydrocyanic Acid (see p. 257). 

b. Cyanic Acid, CyOH. — (c) Cyanates are easily recognised 
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bj their decomposition when treated with strong acids, carbonic 
anhydride being evolved with effervescence, accompanied by the 
penetrating smell of undecomposed cyanic acid, while the ammo- 
nium-salt of the acid employed remains in solution (CNOH-h 
CIH -f 0H2 = COH C1NH4). Alkaline cyanates are not decom- 
posed by heat in the dry way ; their aqueous solution is readily 
decomposed, especially when heated, into an acid carbonate and 
ammonia (CNOK+20H«=:Ca^KH-hNH3). Nitrates of lead 
and silver and subnitrate of mercury give a white precipitate with 
cyanates ; nitrate of copper y a greenish -brown precipitate ; ter- 
chloride of gold^ a brown precipitate. When evaporated to dry- 
ness with sulphate of ammonium, cyanates yield urea, CH^N-'O 
(2CN0K -f SO*(NH4)2=2CH4N20 -h SO^K^). 

c. There are two other oxygen acids of cyanogen, both isomeric 
with cyanic acid, — Fulminic Acid, Cy^O^H^ ; and Cyanuric Acid, 
Qy3Q3jj3^ Fulminic acid is only known in its silver and mercury 
salts. They are very dangerous compounds, exploding most vio- 
lently by heat, percussion, or contact with strong sulphuric acid. 
Cyanuric acid is a very stable acid. Its salts are decomposed 
when heated with an alkali, forming aqueous cyanic acid, cyanate 
of ammonium, carbonic anhydride, nitrogen, and leaving a residue 
of alkaline cyanate. 

d. Sulphocyanic Acid, CySH. — This acid is found in the saliva. 
Most sulphocyanates are soluble in water and alcohol. They give 
white precipitates, with a mixture of sulphate of copper and svl- 
phurous acid, with salts of silver and gold, and subsalts of mercury, 
Sulphocyanate of silver, CySAg, is insoluble in dilute nitric acid, 
and may be employed for the estimation of sulphocyanic acid in 
soluble compounds, (c) With sesquichloride of iron, sulphocy- 
anates give an intense blood-red colour, visible even in the most 
dilute solutions. This coloration is not destroyed by excess of 
hydrochloric acid, but disappears on addition of chloride of mer- 
cury : if metallic zinc be immersed in the red solution, hydrosul- 
phuric acid is evolved. These reactions distinguish sulphocyanic 
acid from meconic, and some other organic acids, which give a 
similar red colour with persalts of iron. Most sulphocyanates are 
decomposed by heat into nitrogen, cyanogen, bisulphide of car 



^ART I. GYANOGEK. 43 

bon, and a metalUc sulphide. (4CNSM = N + 3CN +CS2 + 
2M«S.) 

Double Cyanides, — We have already observed (p. 39) that the 
cyanides of many of the heavy metals are soluble in cyanide of 
potassium, forming double cyanides of the heavy metal and potas- 
sium, in which the heavy metal cannot be detected by any of the 
ordinary reagents. This peculiarity of behaviour on the part of 
the heavy metal in these salts has led to the adoption of the 
theory, that it is combined with the cyanogen so as to form a dis- 
tinct compound radical. Thus, the cyanide of iron and potassium, 
Cy^FeK^, has been regarded as the salt of a distinct radical — 
ferrocyanogen, Cy^Fe — which, like cyanogen itself, combines with 
hydrogen to form an acid, and with other metals to form a series 
of salts. Hence the names ferrocyanide of potassium, &c., gene- 
rally applied to this class of salts. We, however, shall regard 
these bodie0 merely as double cyanides, which they undoubtedly 
Mre. Some of them exhibit so remarkable a behaviour with seve- 
ral metals, that it is necessary to enumerate their most important 
reactions. 

Protocyanide of Iron and Potassium (ferrocyanide of potassium, 
yellow prussiate of potassium), Cy^FeK^ = (CyFe + 2CyK). — 
The double cyanides of iron and the alkaline metals are soluble 
in water. When anhydrous, they are colourless ; but are yellow 
when they contain water of crystallisation. The double cyanides 
of iron, and most other metals, are insoluble in water, many of 
them in acids also. Some of them are white (as those of the 
earthy metals, zinc, lead, silver, mercury); others are distin- 
guished by peculiar colours, whence the cyanide of iron and potas- 
sium is much used as a reagent for the detection of several metals, 
especially of iron and copper. With sesquisaUs of iron it gives a 
blue precipitate, Cy^Fe^; with protosalts of iron^ a white or 
bluish-white precipitate, Cy®Fe^K; with protosalts of copper, 
a brownish-red precipitate, Cy^FeCu^. 

Sesquicyanide of Iron and Potassium (ferrioyanide of potas- 
sium, red prussiate of potassium), Cj6Fe2K3=(Cy3Fe* + 3CyK). — 
The double sesquicyanides of iron and the alkaline metals are 
solable in water, and have a yellowish-red colour. Their aque- 
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ous solution gives with protosalts of iron a dark-blue precipitate, 
Cy^Fe^; with sesquisalts of iron, no predpitate, or change of 
colour. If, however (as is always the case in practice), the least 
trace of a protosalt be present in either reagent, a dark-coloured 
solution is produced. 

The soluble double cyanides of iron are decomposed by boiling 
with dilute sulphuric acid, a portion of their cyanogen being 
separated as hydrocyanic acid (2Cy3FeK2 -|-3SO*H2 = 3CyH-^ 
2CyFe -h CyK + 3S0*kH). With strong sulphuric acid, all double 
cyanides of iron evolve carbonic oxide. With caustic alkalis, 
all insoluble ferro- and ferricyanides are decomposed, with sepa- 
ration of the oxide of the basic metal, and formation of a double 
cyanide of iron and an alkaline metal. When fused with car- 
bonate of potassium, cyanide and cyanate of potassium are formed, 
and the heavy metal reduced. When heated with sulphate 
of ammonium, they are all readily and completely decomposed 
(p. 41). 

Nitroprusside of Sodium^ Cy^NOFe^Na^, which we have al- 
ready mentioned (p. 17) as a reagent for the detection of soluble 
sulphides, is formed by the action of nitric acid on the double 
cyanide of iron and potassium. 

Sesquicyanide of Cobalt and Potassium (cobalticyanide of 
potassium), Cy^Co^K^. — An aqueous solution of sesquicyanide of 
cobalt and potassium is not decomposed by boiling with dilute 
sulphuric, nitric, or hydrochloric acid, by chlorine in presence of 
free alkali, or by oxide of mercury ; while a solution of sesqui- 
cyanide of nickel and potassium is decomposed by these reagents. 
(Separation of Nickel from Cobalt, p. 148.) The soluble double 
cyanides of cobalt give, with protosalts of copper, a light blue pre- 
cipitate ; with protosalts of nickel, a greenish -blue precipitate ; 
with protosalts of cobalt, a reddish precipitate ; with protosalts of 
iron and subsalts of mercury, a white precipitate. These precipi- 
tates are mostly soluble in dilute acids, and easily decomposed by 
alkalis. By heating with concentrated sulphuric acid, or better, 
with sulphate and nitrate of ammonium, all the double cyanides of 
cobalt are completely decomposed. 
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9. Fluorine. F. Atomic weight, 19. 

Fluorine has never been obtained in the free state. It occurs 
natiye chiefly as fluorspar, FCa, or as cryolite, Al^Na^F^ ; it is 
also a constituent of several native phosphates and silicates {e, g, 
wavellite, topaz, mica, tourmaline, hornblende, &c.) : it exists also 
as fluoride of calcium in bones and teeth, in mineral springs, and 
in the ashes of several plants. 

Acids of Fluorinb. Hydrofluoric Acid, FH. Metallic Fluo- 
rides. — Hydrofluoric acid is a colourless liquid, extremely vola- 
tile (boiling at 15° G): on contact with air it gives off abundant 
fames, of a very suffocating smell : it is miscible with water in all 
proportions. Its most characteristic property is that of readily dis- 
solving silica and silicates, and consequently of corroding glass 
and rendering it opaque : hence it is employed for the decompo- 
sition of silicates, and hereon is founded the only certain method 
for the detection of fluorine. Hence too glass vessels cannot be 
employed in its preparation. By its action on silica, fluoride of 
silicon, SiF*, is formed, which combines with 2 additional atoms of 
hydrofluoric acid, forming fluosilicic acid, SiF^H^ ; by its action 
on a silicate, a metallic fluosilicate is formed, and (according to 
the proportions of silica and metal contained in the silicate) either 
a metallic fluoride or fluoride of silicon. Boric, tantalic, titanic, 
molybdic, and tungstic acids are similarly decomposed and dis- 
solved by hydrofluoric acid, with formation of compounds analo- 
gous to fluosilicic acid. It does not act upon gold or platinum, 
and very slightly upon lead. 

Metallic fluorides possess very various physical properties. Some 
are liquid and volatile, some solid and non-volatile : they are mostly 
insoluble, or very slightly soluble, in water. Soluble fluorides give 
with chloride of calcium a gelatinous precipitate of FCa, which 
becomes more distinctly visible on heating and on addition of am- 
monia : it is somewhat soluble in ammoniacal salts, and in dilute 
nitric or hydrochloric acids, less so in acetic acid, insoluble in free 
hydrofluoric acid. With lead-salts they give a white precipitate, 
of FPb, soluble in nitric acid ; with silver-salts they give no preci- 
pitate. All fluorides are decomposed by strong sulphuric (not by 
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.nitric) acid, hydrofluoric acid being evolved : fluorspar when thus 
treated is reduced to a pasty mass which does not moisten -glass, 
and only evolves gaseous hydrofluoric acid on the application of 
heat. Many insoluble fluorides (e. g, FCa) are not completely 
decomposed by fusion with an alkaline carbonate, unless silica be 
also present. 

For the qualitative detection of fluorine in bones, teeth, and 
minerals free from silica, the substance is finely powdered and 
mixed to a paste with strong sulphuric acid, in a good-sized plati- 
num crucible. The crucible is then covered with a watch-glass, 
whose convex side has been coated with wax, and marked with 
lines drawn with the point of a knife, so as to leave the glass ex- 
posed in parts, and a gentle heat is applied. A little water should 
be placed in the hollow of the watch-glass, to prevent the wax 
from being melted by the heat. After some hours the wax is 
carefully removed from the watch-glass, when, if fluorine were 
present in the substance, the glass will be found corroded and 
made opaque in those portions which were not protected by the 
wax. If only very small traces of fluorine be present, the marks 
on the glass may not be at once perceptible ; but they will be made 
visible at once by breathing on the convex side of the glass, which 
has previously been carefully dried. If the substance to be ex- 
amined for fluorine contain silica, it is fused with carbonate of 
sodium, the fused mass dissolved in water, the silica precipitated 
from the solution by carbonate of ammonium and flltered ofl^, the 
filtrate neutralised with acetic acid, and chloride of calcium added 
to it. The precipitate thus obtained, which will contain all the 
fluorine, is collected, and treated as above with sulphuric acid. 
Or the finely divided substance may be heated in a glass flask, with 
strong sulphuric acid and a fragment of marble ; and the gases 
evolved, consisting of fluoride of silicon and carbonic anhydride, 
conducted into aqueous ammonia. The ammoniacal solution is then 
evaporated to dryness, the residue treated with water, and what- 
ever remains undissolved removed by filtration ; the filtrate again 
evaporated, and the residue examined for fluorine as above. This 
method is only applicable to silicates in which the proportion of 
fluorine is very small as compared with the silica ; if the substance! 
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contains excess of fluorine, finely powdered silica must be added 
to it before this process can be employed. 

Blowpipe reactions, — When a fluoride is heated before the 
blowpipe with microcosmic salt at one end of a glass tube, open 
at both ends, in such a manner that the flame is partially carried 
through the tube, vapour of water is given off, together with 
hydrofluoric acid, which may be detected by its action on the 
glass, and by its turning yellow a strip of fernambuc paper, held 
to the mouth of the tube. Many silicates containing fluorine, e, g, 
mica, tourmaline, give off fluoride of silicon when heated alone. 

Estimation of Fluorine. — For the determination of fluorine in 
insoluble compounds containing phosphoric acid, the substance is 
fused with carbonate of sodium and silica, the fused mass treated 
with water, and the silica removed from the aqueous solution by 
carbonate of ammonium : the filtrate is then nearly neutralised 
by acetic acid, and the phosphoric acid and fluorine together pre- 
cipitated by chloride of calcium. The precipitate, besides phos- 
phate and fluoride, contains also some carbonate of calcium, to 
remove which it is ignited, saturated with acetic acid, dried in a 
water-bath, and thoroughly washed with water; and then ignited 
and weighed. The fluorine is then driven off by heating with 
concentrated sulphuric acid, alcohol is added to the residue in 
order to precipitate completely the sulphate of calcium formed, 
and the phosphoric acid determined in the filtrate as phosphate 
of magnesium and ammonium. 

10. Boron. B. Atomic weight, 14'5. 

Occurs in nature in the form of boric acid, either free (as 
sassolin), or combined with metals (tincal, boracite, datolite), and 
in smaller quantities in tourmalin, axinite, apyrite, rhodizite, &c. 
Boron is a dark powder, which burns when heated in the air, 
combining with oxygen, and forming boric anhydride. 

Oxides and Acids op Boron, a. Boric Anhydride^ BG^. — 
A colourless, transparent, glassy solid, that fuses when heated 
alone, but does not volatilise at all. It is soluble in water and 
alcohol, and its solution deposits crystals of 

b. Boric Acid, BO'H^. — Scaly crystals, of a pearly lustre, greasy 
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to the touch. It is less soluble in water than BO^. The aqueous 
solution feebly reddens litmus : yellow turmeric paper moistened 
with it assumes a distinctly brown colour when dried. When its 
aqueous solution is evaporated, the boric acid partly volatilises 
with the vapour of water : this volatilisation is completely pre- 
vented by the addition of excess of carbonate of sodium, but not 
completely by ammonia, ammoniacal salts, or oxide of lead. 
When evaporated and ignited with chloride of ammonium, 
boric acid is partially converted into infusible nitride of boron, 
NB. The alcoholic solution of boric acid burns with a green 
flame, on which property is founded a method of detecting the 
acid. 

The alkaline borates are readily soluble in water. The solu- 
tion, whether of the normal or acid salt, has an alkaline reaction ; 
it absorbs carbonic and sulphurous anhydrides, hydrosulphuric 
acid, and chlorine abundantly, and dissolves large quantities of 
sulphur, arsenious acid, and fatty organic acids. When an alka- 
line borate is evaporated to dryness with hydrochloric acid, the 
alkaline metal is entirely converted into chloride, and its amount 
may be determined as chloride of silver. Most other borates are 
difficultly soluble in water : none however are absolutely insoluble, 
so that boric acid cannot be entirely precipitated from a solution 
of a borate by any metallic salt. A not too dilute solution of a 
borate gives with salts of calcium^ barium, lead, silver, subsalts of 
mercury, and protosalts of iron, white or yellow precipitates, which 
are all readily soluble in acids or in ammoniacal salts. Alkaline 
borates, when fused with metallic oxides, dissolve many of them, 
forming double salts, which, in many cases, possess characteristic 
colours: hence borax (acid borate of sodium, BO^NaH) is of 
great use as a blowpipe reagent. To detect boric acid before 
the blowpipe, the substance is powdered, and mixed with from 
three to four times its volume of a mixture of 1 part fluorspar, 
and 4^ parts acid sulphate of potassium. This mixture is 
moistened with water, so as to form a paste, and a little of 
it taken up on a platinum-wire, and heated in the inner blow- 
pipe flame, when, if boric acid be present^ fluoride of boron will 
be formed, and will communicate a momentary green colour to 
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the outer flame^ If boric acid be present in small quantities, 
very keen observation is necessary to detect it by this method. 

(c) The best method for the detection of boric acid either in 
soluble or insoluble borates, is to mix them with alcohol, to add 
sulphuric acid little by little, and set fire to the mixture, when 
the flame of the alcohol will be coloured green. The mixture 
should be frequently stirred during the combustion. This reac- 
tion alone is not absolutely decisive as to the presence of boric 
acid, since there are other substances, e. g. salts of copper, which 
communicate a similar green colour to the flame of alcohol. 
Another method is to immerse a strip of yellow turmeric paper 
into a solution in hydrochloric acid of the substance under exam- 
ination: when, if even a trace of boric acid be present, the 
turmeric paper, after being dried, will have a brown colour. When 
heated with sulphuric and hydrofluoric acids, or (less readily) 
with sulphuric acid and alcohol, borates are decomposed ; in 
the former case fluoride of boron, in the latter boric ether, being 
formed. All insoluble native borates are entirely decomposed by 
fusion with an alkaline carbonate. In a mixture of a borate and 
a phosphate, the phosphoric acid may be precipitated as phosphate 
of magnesium and ammonium, while the boric acid remains in 
solution. 

Estimation of Boron. — Stromeyer (Ann. Ch. Pharm. c. 82) 
states that boron may be estimated as fluoborate of potassium, 
BF^K^. He adds excess of hydrofluoric acid to a solution of 
borate of potassium, and evaporates to dryness in a platinum or 
silver vessel. The dry salt is stirred up with a solution of acetate 
of potassium of 20 p. c, and after some hours thrown on a weighed 
filter, washed first with the same solution, then with strong alcohol, 
dried at 100°, and weighed. 

11. itilicon. Si. Atomic weight, 28*5. 

One of the most widely spread elements in the mineral kingdom. 
It occurs native always in the form of silicic acid, or silica, either 
free or combined : by far the majority of minerals are silicates of 
different bases, in which the silica and the metal exist in the most 
various proportions. It also occurs in the ashes of vegetable and 

E 
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animal substances, and, as soluble silica, in mineral springs. Pure 
silicon is a dark-brown, heavy powder, which is partially oxidised 
when heated in contact with air. 

Oxides and Acids op Silicon, a. Silicic Anhydride, Silica, 
SiO^. — Silica is found native in two modifications ; the crystalline 
(quartz, rock-crystal) and the amorphous (opal, hyalite, &c.). 
In chalcedony, agate, and flint, both modifications are present. 
When artificially prepared, silica is a white amorphous powder, 
non-volatile at any heat^ absolutely insolttble in water and in all 
acids, excepting hydrofluoric acid, more soluble than the crystalline 
modification in caustic alkalis or alkaline carbonates. It com- 
bines with one atom of water, forming 

b. Silicic Acidf SiO^H*. — This is somfetimes called soluble silica: 
it is soluble in all acids, and to a slight extent in water. It is 
obtained when an aqueous solution of an alkaline silicate is 
decomposed by an acid, or when fluoride, chloride, or sulphide of 
silicon is decomposed by water ; when it separates as a trans- 
parent gelatinous mass. When dried (and more speedily if 
ignited) it loses its water and becomes insoluble in acids, being 
in fact converted into silica. 

All silicates are insoluble in water, with the exception of those 
of potassium and sodium. The aqueous solution of an alkaline 
silicate has an alkaline reaction, and gives with calcium-, barium-, 
lead-, and silver-salts a white or yellowish precipitate, soluble in 
dilute nitric or hydrochloric acid ; it is decomposed by a concen- 
trated acid, silicic acid being separated. Chloride and carbonate 
of ammonium, and (though less completely), sulphides of ammo- 
nium and potassium, precipitate gelatinous silicic acid from 
solutions of alkaline silicates : lime- or baryta-water, a solution of 
alumina in potash, or of oooide of zinc in ammonia, precipitate 
insoluble double silicates, (c) When a concentrated solution of 
an alkaline silicate is saturated with nitric or hydrochloric acid, 
gelatinous silicic acid is separated ; if the solution be very dilute, 
the silicic acid remains in solution. When this solution is 
evaporated to a certain point, the silicic acid separates either as a 
gelatinous mass or a flaky powder, which, when completely dried 
in the water-bath, is converted into insoluble silica. If the dry 
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residue (which must not have been ignited) be now treated with 
water, the alkaline or earthy chlorides or nitrates that have been 
formed are dissolved out, and pure silica is left. If any of those 
metals be present whose chlorides or nitrates lose a portion of 
their acid when evaporated to dryness, and form basic salts in- 
soluble in water {e. g, aluminium, iron, magnesium), it is necessary 
to moisten the dry residue with concentrated hydrochloric acid 
before treating it with water, and to let it stand for half an hour 
in the cold : by which process the insoluble basic salts are entirely 
converted into soluble normal salts, and ean be completely dis- 
solved out by water. This is the process adopted for the separa- 
tion of silica from all bases that are soluble in nitric or hydro- 
chloric acids. 

Grelatinous silicic acid, or silica that has not been ignited, is 
readily and abundantly soluble in caustic alkalis, or alkaline 
carbonates, especially on the application of heat. Crystalline 
sUica, or amorphous silica after ignition, is less easily soluble 
in alkalis : but both are readily converted into the soluble modi- 
fication by fusion (whether free or in combination with bases) 
with an excess of alkaline carbonate.* 

Shwpipe reactions, — Besides its absolute insolubility in all 
acids except hydrofluoric acid, silica exhibits before the blow- 
pipe some characteristic reactions by which it is easily recognised, 
(c) When heated with microeosmic salt on a platinum wire before 
the blowpipe, silica is scarcely dissolved at all, but a clear bead 
is obtained in which the silica is perceptible as a spongy mass. 
The undissolved silica is more perceptible while the bead is hot 
than after it has cooled. If pure silica be employed, the bead is 
quite clear, and not at all opalescent. If a silicate be employed, 
its base is dissolved by the microcosmic salt, while the silica 
remains undissolved : but the solution of many metallic bases in 
microcosmic salt furnishes an opalescent bead, in which the 
undissolved silica cannot well be discerned. When heated with 

* Owing to the solabHity of silica in caustic alkalis or alkaline carbonates, it 
is impossible in accurate analysis to heat or evaporate solutions containing these 
snbstaaces in glass (ur porcelain vessels ; in such cases platinum vessels must be 
employed. 
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borax before the blowpipe, silica is slowly but completely dis- 
solved, a transparent colourless glass being formed, (c) When 
heated before the blowpipe with carbonate of sodium^ silica, or 
a silicate rich in silica, displaces carbonic anhydride, with effer- 
vescence, and fuses to a clear glass, which remains transparent on 
cooling. The alkaline carbonate must not be employed in excess. 
It is very difficult to obtain this reaction with silicates containing 
calcium or magnesium. Silica is the only body which exhibits 
this reaction. 

Pure silica leaves no residue when evaporated with excess of 
hydrofluoric acid. It is also entirely soluble when boiled in a 
platinum vessel with a solution of caustic alkali or alkaline car- 
bonate ; the solution, if saturated, deposits gelatinous silicic acid 
on cooling. If an earthy or other metal be present, a metallic 
silicate remains undissolved. These reactions are employed for 
testing the purity of silica. 

Analysis of Silicates. — The different silicates which are found 
native, or prepared artifically, are either crystalline, or amorphous, 
transparent, variously coloured bodies (e, g. glass) ; they generally 
contain a variety of bases, according to the quantity and nature 
of which the behaviour of different silicates towards decomposing 
agents varies considerably. Some silicates are entirely decom- 
posed when finely powdered and treated with acids, the whole of 
the silica being separated as gelatinous silicic acid. To this class 
belong the Zeolites, which are distinguished by their containing 
a certain quantity of water ; the majority oiscorice ; and generally 
those silicates in which the proportion of a strong base greatly 
exceeds that of the silica. Many silicates (e, g, Vesuvian, 
garnet) require to be ignited or fused before they can be decom- 
posed by acids. Zeolites, when their water has been driven off by 
ignition, are more difficultly attacked by acids than they are 
before ignition. There are however some exceptions to this rule ; 
for prehnite, a silicate containing water, is more readily decom- 
posed by acids after than before ignition. 

The analysis of those silicates which are completely decom- 
posed by acids is very easily effected. The substance is finely pow- 
dered and digested with concentrated hydrochloric acid (at a gentle 
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heat, if necessary), till no gritty particles can be detected by rubbing 
with a glass rod, and only gelatinous silicic acid remains undis- 
solved. A portion of the silicic acid is dissolved by the hydro- 
chloric acid, to render which insoluble, the mixture is evaporated 
to complete dryness in the water-bath, with frequent stirring to- 
wards the end of the operation : when the residue is completely 
dry, it is thoroughly moistened with concentrated hydrochloric 
acid, and allowed to stand for half an hour in the cold, then 
digested with warm water, the silica filtered off, dried, ignited, and 
weighed. Moderately dilute sulphuric acid decomposes the 
majority of silicates more readily than hydrochloric acid ; but as 
the analysis by sulphuric acid of those which contain calcium is 
attended with considerable difficulty, hydrochloric acid is prefer- 
able in such cases. Nitric acid is used in the case of silicates 
which contain lead. 

The majority of silicates, however, cannot be completely de- 
composed by simple digestion with acids. For the analysis of 
this class of silicates, the first step is to render them decom- 
posable by hydrochloric acid. This is generally effected as 
follows : the mineral is reduced to an impalpable powder, by 
pounding in an agate mortar, (and levigation, if necessary,) and 
then fused in a platinum crucible with from 3 to 4 times its weight 
of dry carbonate of sodium, or of a mixture of 2 parts carbonate 
of potassium, and 1^ part carbonate of sodium. As the heat 
of a lamp is generally insufficient for this purpose, the platinum 
crucible is placed in an earthen crucible half filled with carbonate 
of magnesium, and exposed to a full red heat in the furnace for 
twenty minutes or half an hour. The platinum crucible, when 
cold, is plaeed in a beaker, and the fused mass dissolved by the 
gradual addition of dilute hydrochloric acid : in order to avoid loss 
from the violent effervescence caused by the escape of carbonic 
anhydride, the beaker is covered with a watch-glass or a porcelain 
basin. Gentle heat is applied to facilitate the decomposition of 
the fused mass, and then it must be ascertained by rubbing with 
a glass-rod that there are no gritty particles of undecomposed 
silicate among the separated silicic acid. From this point the 
analysis proceeds precisely in the manner detailed above in the 
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case of silicates which are decomposed by acids. The silica is 
weighed directly, and all the bases, except the alkaline metals, are 
determined in the filtered solution. The silica must be com- 
pletely dried before ignition. 

Many native silicates, (as zircon, cyanite, cymophane, &c.) 
are decomposed with difficulty by fusion with alkaline carbonates, 
a long time and a very strong heat being required. In these cases 
the decomposition is facilitated by the addition of a fragment of 
potash or soda, which, however, to avoid injuring the crucible, must 
be introduced into the middle of the mixture of silicate and car- 
bonate, which has been solidly pressed down into the crucible. 

It is obvious that fusion with alkaline carbonates is inadmissible 
for the determination of the alkaline metals contained in silicates. 
For this purpose carbonate of barium, or caustic baryta, must be 
substituted for the alkaline carbonates. In this case the decompo- 
sition is more difficult. The silicate and its flux must be mixed 
together most intimately, and a longer time is required for the fu- 
sion. The silica is separated in the same manner as in the former 
case : the barium is then removed from the acid solution by the 
careful addition of sulphuric acid, and the other bases estimated 
in the filtrate. Or the silica and all the bases except the alkaline 
metals may be estimated by fusion with alkaline caarbonates, and 
the alkaline metals estimated in another portion of the mineral 
by decomposing it by hydrofluoric acid. For this purpose the 
mineral is finely powdered, moistened with dilute sulphuric acid 
in a platinum crucible, and placed in a leaden vessel covered with 
a lid, at the bottom of which is a quantity of powdered fluorspar 
covered with concentrated sulphuric acid. Grentle heat is applied, 
and the silicate is exposed to the vapours of hydrofluoric acid for 
one or two days. All the silica is thus volatilised as fluoride of 
silicon, and a clear solution obtained containing sulphates df all 
the metals contained in the silicate. This is treated with sul- 
phuric acid, evaporated to dryness, and the alkaline metals deter- 
mined in the residue in the usual way. 

Many minerals (as clinkstone, clayslate, &c.) contain a mixture 
of both classes of silicates, and so may be partially, but not com- 
pletely, decomposed by acids. These are digested in concentrated 
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iiydrochloric acid, diluted with water, and filtered, when the fil- 
trate contains the bases of the decomposable silicates. The sepa- 
rated silicic acid, together with the undecomposed silicates, is then 
repeatedly boiled with fresh portions of a strong solution of car- 
bonate of potassium, and filtered hot. The alkaline solution con- 
tains all the silicic acid of the decomposable silicates, which is 
separated as silica by evaporation to dryness with hydrochloric 
acid. The insoluble residue is then analysed by the methods de- 
scribed for the analysis of silicates undecomposable by acids. 

In some silicates there are other constituents to be estimated 
besides water, silica, and metallic bases. Thus, tourmaline contains 
fluorine and boric acid ; nosean, chlorine and sulphuric acid ; 
cancrinite, carbonic acid ; hauyne and ultramarine j chlorine and 
sulphur ; and many minerals contain phosphoric acid. Tourmaline 
cannot be decomposed by hydrofluoric acid till it has been ignited 
and all its fluorine driven off as fluoride of silicon. 

Silica is separated from titanic acid by fusion in a platinum 
crucible with acid sulphate of potassium, and subsequent treatment 
with water, which dissolves out the titanic acid, while the silica 
remains undissolved. 

c, Fltiosilicic Acidy SiF^H^. — When fluoride of silicon is con- 
ducted into water it is partially decomposed, silicic acid being sepa- 
rated, while fluosilicic acid remains in solution (3SiF*-i-30H2= 
2SiF^H2 -f SiO^H^). Fluosilicic acid is a colourless liquid, having 
an acid reaction : when evaporated in a platinum vessel it vola- 
tilises entirely, being decomposed into fluoride of silicon and 
hydrofluoric acid. If the free acid, or a fluosilicate mixed with 
hydrochloric acid, be evaporated in glass vessels, the hydrofluoric 
aeid set free attacks the glass. Fluosilicates are mostly soluble in 
water, and are decomposed by acids and alkalis. With sodium- 
potassium'^ Hthium-y and barium-sdli^ they give a gelatinous preci- 
pitate, which separates entirely on the addition of alcohol. (This 
precipitation of barium by fluosilicic acid affords the best method 
for separating barium from strontium.) Fluosilicates are all de- 
composed by heat, fluoride of silicon being given off, while a 
metaUic fluoride is left. 

Boron forms with fluorine a compound analogous to fluosilicic 
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acid. The reactions of fluoboric acid closely resemble those of 
fluosilicic. 

12. Phosphorus. P. Atomic weight, 31. 

Phosphorus occurs very abundantly both in the mineral and the 
organic kingdom, almost exclusively in the form of metallic phos- 
phates. At least two different modifications of it are known ; viz. 
Ordinary^ and Amorphous phosphorus. Ordinary phosphorus is a 
yellowish- white opaque solid, whose structure is really, though not 
apparently, crystalline : it melts at about 44°, and volatilises be- 
tween 250° and 300°. It is insoluble in water, very slightly solu- 
ble in alcohol and ether, readily soluble in bisulphide of carbon. 
It emits light in the dark at ordinary temperatures. It is very 
readily oxidised by all oxidising agents, forming phosphoric and 
phosphorous anhydrides : in contact with the air it takes fire on a 
very slight elevation of temperature, or even by friction, and burns 
with a brilliant fiame, forming dense white fumes, principally of 
phosphoric anhydride. When heated in an atmosphere free from 
oxygen, it passes into the amorphotis modification. This is a dark 
red powder, which is insoluble in bisulphide of carbon. It is a 
much less active body than the ordinary phosphorus, and may be 
heated in contact with air to considerably above 200° without 
taking fire. At about 260°, it is reconverted into ordinary phos- 
phorus. In the decomposition of many compounds containing 
phosphorus, the element frequently separates in this modification. 

Acids and Oxides op Phosphorus, a. Phosphide of Hydrogen^ 
(phosphuretted hydrogen), PH^ Metallic Phosphides, — Phos- 
phorus combines with hydrogen and several other metals, forming 
metallic phosphides. Phosphide of hydrogen is a colourless gas, 
with a peculiar smell resembling that of garlic ; slightly soluble 
in water. It is readily inflammable: and sometimes, when it 
contains a lower phosphide of hydrogen, it takes fire spontaneously 
in contact with the air. It is entirely absorbed by a solution of 
a, gold' or silver'Solt, producing a dark precipitate of reduced metal, 
phosphoric acid being formed simultaneously. With lead- and 
copper-salts it gives a black, with chloride of mercury^ a yellow, 
precipitate, consisting chiefly of metallic phosphide. 
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b. Phosphoric Anhydride, P^O*. — Formed hj the complete and 
fapid combustion of phosphorus in dry air or oxygen. A white 
flaky powder, readily soluble in water and alcohol. It is one of 
the most hygroscopic substances known, rapidly absorbing 
moisture from the air and being converted into metaphosphoric 
acid : hence it is frequently employed for drying gases. 

c. Ordinary or Tribasic Phosphoric Acid, PO^H^. — Ordinary 
phosphoric acid forms colourless crystals, or a syrupy fluid, 
which, at a high temperature, loses the elements of water, and is 
converted wholly or partially into metaphosphoric acid, PO^H. 
When heated to redness in an open platinum vessel it volatilises 
entirely without leaving any residue: in a glass or porcelain 
vessel a residue is left, since phosphoric acid partially decomposes 
silicates. Phosphoric acid is readily soluble in water and alcohol. 
Its solution has a strong acid reaction, and gives no precipitate 
with a solution of albumen or of chloride of barium : with excess 
of limC' or baryta-water it gives a white precipitate. 

• Phosphoric acid, being tribasic, forms three classes of salts, 
according as one, two, or three atoms of basic hydrogen are 
replaced by metals. There are the Biadd Phosphates (PO^NaH^), 
the Monacid (PO^Na^H), and the Normal Phosphates (PONa^). 
Only the alkaline phosphates are soluble in water ; the solution 
has an alkaline reaction: all others are difficultly soluble or 
insoluble in water, readily soluble in nitric or hydrochloric acids. 
The alkaline-earthy phosphates, when freshly precipitated, are 
soluble in acetic acid. When the solution of an alkaline-earthy 
phosphate in an acid is neutralised by an alkali, the original 
phosphate is precipitated unchanged, and is not soluble in excess 
of alkali. The insoluble phosphates which are precipitated from 
metallic solutions by phosphate of sodium, are generally soluble in 
excess of the solution from which they are precipitated; when 
this solution is heated a precipitate is produced, which redissolves 
on cooling. 

With nitrate of silver soluble phosphates give a yellow pre- 
cipitate of P0*Ag3, soluble in nitric acid and ammonia. With 
acetate of lead, they give a white precipitate of PO^Pb^, in- 
soluble in ammonia and acetic acid, soluble in nitric acid. If a 
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chloride be present, the precipitate contains chloride of lead 
chemically combined with it. (c) When fused before the blow- 
pipe, phosphate of lead forms a crystalline bead on cooling. With 
chlorides of barium and calcium^ they give white precipitates of 
PO^Ba^H, and PO^Ca'H, readily soluble in nitric, hydrochloric, 
phosphoric, and acetic acids. Phosphate of calcium separates 
from its acetic acid solution, after some time (especially if heated), 
in a crystalline form. It is also somewhat soluble in water con- 
taining carbonic acid; and in ammoniacal salts, even in pre- 
sence of free ammonia. From its acetic acid solution (or from its 
hydrochloric acid solution after addition of sufficient acetate of 
sodium) the whole of the calcium may be precipitated as oxalate 
by oxalate of ammonium. From its hydrochloric or nitric acid 
solution, the addition of sulphuric acid and alcohol removes the 
whole of the calcium as sulphate. (These methods are employed 
for the estimation of Ijime in the ashes of plants, and in bone- 
earth.) (c) With sulphate or chloride of magnesium, to which 
ammonia and chloride of ammonium have been added*, they give 
a white crystalline precipitate of PO*Mg*NH*-f GH^O, readily 
soluble in all acids, slightly soluble in pure water, absolutely 
insoluble in water containing free ammonia, even in presence of 
excess of ammoniacal salts. In very dilute solutions the precipi- 
tate forms very slowly ; its deposition is accelerated by scratch- 
ing, with a glass rod, the inside of the vessel containing the 
solution. This precipitate, which by ignition is converted into 
P207Mg4 (2PO^Mg2NH4=p207Mg4 + 2NH3 + OH2), serves for 
the detection and estimation of phosphoric acid (in absence of 
arsenic acid) in all compounds which are soluble in water, and 
whose aqueous solution is not precipitated by ammonia and chlo- 
ride of ammonium. If tartaric acid and a sesquisalt of iron be 
present, the precipitate is likely to contain a little tartrate of mag- 
nesium and sesquioxide of iron. 

With sesquichloride of iron, they give a yellowish-white preci- 
pitate of sesquiphosphate, PO^Fe^ soluble in hydrochloric acid, 

* Add ammonia to the magnesium solution ; dissolve the precipitated hydrate 
of magnesium in hydrochloric acid, and then add excess of ammonia : no pre- 
, cipitate is formed, since hydrate of magnesium is soluble in ammoniacal salts. 
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excess of sesquichloride, in sesquiacetate of iron, and in ammonia. 
This precipitate is absolutely insoluble in acetic acid ; it therefore 
forms when acetate of sodium is added to its solution in hydro- 
chloric acid, or when acetate of sodium and a little sesquichloride 
of iron are added to the hydrochloric acid solution of an alkaline- 
earthy phosphate. When the hydrochloric acid solution of any 
phosphate (the free acid, if any, having been first neutralised 
with ammonia or carbonate of ammonium) is treated with acetate 
of sodium and a slight excess of sesquichloride of iron (just enough 
to give a red tinge to the solution), and the mixture heated to 
boiling, a reddish-brown precipitate is formed, which contains all 
the phosphoric acid and all the sesquioxide of iron : it must be 
filtered hot, and washed with hot water. Arsenic acid exhibits 
this reaction as well as phosphoric acid ; and sesquisalts of alumi- 
nium are precipitated under the same circumstances, though not so 
completely as sesquisalts of iron. On this reaction is based an 
accurate method for the estimation of phosphoric acid by means 
of a known volume of a standard solution of sesquichloride of 
iron ; as well as for the complete removal of phosphoric acid and 
of iron from a solution in which calcium, magnesium, manganese, 
and other isomorphous metals, have to be estimated. Sesqui- 
nitrate of uranium behaves with soluble phosphates exactly like 
sesquisalts of iron. Suhnitrate of mercury gives, with soluble 
phosphates, a white precipitate, readily soluble in nitric acid. If 
the solution of any phosphate in excess of nitric acid is evaporated 
in the water-bath to complete dryness, with excess of metallic 
mercury, and the dry residue (which contains no free acid) treated 
with water, all the metals contained in the phosphates are dis- 
solved as nitrates, while the whole of the phosphoric acid remains 
undissolved as subphosphate of mercury. This reaction is em- 
ployed by H. Rose for the separation of phosphoric acid from all 
metals, excepting aluminium. The insoluble portion is freed from 
mercury by gentle ignition with an alkaline carbonate, and the 
phosphoric acid estimated in it as phosphate of magnesium and 
ammonium : the mercury is removed from the soluble portion by 
hydrochloric acid and ammonia, or by evaporation and gentle 
ignition* If a sesquisalt of iron be present, the iron is found 
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partly in the soluble, partly in the insoluble portion. If the 
nitric acid solution of the phosphates of the alkaline or alkaline- 
earthy metals, or of magnesium, be evaporated to dryness with a 
solution of sesquinitrate of iron, which contains, at least, enough 
iron to combine with all the phosphoric acid present, and the 
residue heated to 180°, until it ceases to give off nitrous fumes, 
all the above-named bases are converted into soluble nitrates, while 
all the iron remains as insoluble sesquiphosphate. The nitric acid 
solution must be entirely free from hydrochloric or sulphuric acid. 
A sesquisalt of aluminium may be substituted for the sesquisalt 
of iron ; but in this case the separation is less complete. 

(c) The best reagent for the detection of very small traces of 
phosphoric acid is molyhdate of ammonium. If the solution of a 
phosphate be added to excess of a solution of this reagent, free 
nitric acid added, and the whole heated, the solution immediately 
assumes a yellow colour, and a bright yellow precipitate of phos- 
phate and molybdate of ammonium is formed, either immediately 
or after some time. This precipitate is insoluble in acids, soluble 
in ammonia, or in excess of the phosphate ; hence this reaction is 
peculiarly fitted for the detection of very small traces of phos-* 
phoric acid (as in minerals, soils, or the deposits from mineral 
springs). Arsenic acid exhibits the same reaction. 

Normal phosphates of fixed bases are not at all decomposed by 
ignition, biacid phosphates are converted, by ignition into meta- 
phosphates, monacid phosphates into a mixture of normal phos- 
phate and metaphosphate (pyrophosphate). The alkaline-earthy 
phosphates are only partially decomposed by fusion with an 
alkaline carbonate, while most other insoluble phosphates (e.^. 
phosphates of magnesium, zinc, copper, protophosphate of man- 
ganese, sesquiphosphate of iron) are completely decomposed by 
this means ; the fused mass always contains tribasic phosphoric 
acid. By boiling in a solution t)f caustic alkali or of alkaline 
carbonate, the insoluble phosphates are only partially, or not at 
all, decomposed. Phosphate of aluminium can only be completely 
decomposed by fusion with its own weight of silica, and six times 
its weight of carbonate of sodium ; the fused mass is then dis- 
solved in water, the silicic acid precipitated by carbonate of 
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ammonium and filtered off, the filtrate acidulated with hydro- 
chloric acid and saturated with ammonia, and the phosphoric 
acid precipitated from it by a salt of magnesium. 

Separation and estimation of Phosphoric Acid, — When the 
hydrochloric acid solution of sesquiphosphate of iron, phosphate 
of aluminium, magnesium, &c., is digested with excess of car-^ 
bonate of barium, the whole of the phosphoric acid is removed ; 
if any sesquisalts be present, their metals are precipitated at the 
same time as sesquihydrates. Phosphoric acid may be completely 
separated from barium, strontium, and lead, by sulphuric acid; 
from calcium, by sulphuric acid and alcohol. Phosphate of lead, 
suspended in water, is completely decomposed by hydrosulphuric 
acid, sesquiphosphate of iron by sulphide of ammonium ; all the 
phosphoric acid is contained in the filtrate. For the accurate 
separation of phosphoric acid from an excess of sesquisalt of iron 
(even in presence of calcium and magnesium), the substance is 
dissolved in hydrochloric acid, and the solution heated to boiling 
with sulphite of sodium, until all the sesquisalt of iron is con- 
verted into protosalt; the excess of sulphurous acid is then driven 
off by boiling, the solution neutralised with carbonate qf sodium, 
a very little chlorine-water added in order to reconvert a small 
quantity of the iron into sesquisalt, then an excess of acetate of 
sodium, when, if the least trace of phosphoric acid be present, a 
white precipitate of sesquiphosphate of iron is formed. Chlorine- 
water is then again added, drop by drop, until the solution assumes 
a red tinge, the whole heated to boiling, and filtered. The pre- 
cipitate, which contains all the phosphoric acid, is either decom- 
posed by sulphide of ammonium, or dissolved in. hydrochloric 
acid, heated with sulphite of sodium, excess of caustic soda added, 
and the whole boiled till the precipitate is converted into black 
ferroso-ferric oxide ; in either case the phosphoric acid is deter- 
mined in the filtrate as phosphate of magnesium and ammonium 
(p. 205). For the separation of phosphoric acid from aluminium 
the compound is dissolved in caustic soda, and the phosphoric 
acid precipitated from the dilute solution by chloride of barium 
or baryta- water as phosphate of barium, fresh portions of caustic 
soda and carbonate of sodium being added at the same time, and the 
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whole heated nearly to boiling ; all the alaminium is then con- 
tained in the filtrate. The phosphate of barium is dissolved in 
hydrochloric acid, the barium precipitated by sulphuric acid, and 
the phosphoric acid determined in the filtrate as phosphate of 
magnesium and ammonium. If a sesquisalt of iron be also 
present, it is reduced, as above, by sulphite of sodium, before the 
treatment with caustic soda.* 

Phosphoric acid is readily distinguished from sulphuric acid 
by the solubility in acids of its barium-salt. For its detection in 
neutral or alkaline solutions, chloride of ammonium^ ammonia^ 
and a magnestum-^dXt^ are generally employed ; in an acic? solution, 
sesquichloride of iron, and acetate of sodium. The most delicate 
reagent of all is molybdate of ammonium. Since arsenic acid 
exactly resembles phosphoric acid in all these reactions, the 
absence of this acid must previously be ascertained. Arsenic 
acid is readily distinguished from phosphoric acid, and if present, 
may be entirely removed by passing hydrosulphuric acid into the 
warm acid solution (p. 84). 

d. Metaphesphoric Add, PO^H (monobasic). — When phos-^ 
phoric anhydride is dissolved in water, an acid solution is ob-* 
tained, which differs in many of its reactions from that of phos* 
phoric acid. It is metaphosphoric acid, PO^H. Its salts are also 
obtained by the ignition of the corresponding biacid phosphates. 
The following are the principal reactions which distinguish it 
from phosphoric acid. With albumen it gives an abundant 
white precipitate; with chloride cf barium, an abundant white 
precipitate, soluble with difficulty in a large excess of the acid ; 
with nitrate of silver, a white precipitate, soluble in excess of 
metaphosphoric acid. With molybdate of ammonium, it gives 
no precipitate or coloration, until, by the action of the free 
nitric acid present., it has been partly converted into phosphoric 
acid. A solution of metaphosphoric acid is very slowly converted 
into phosphoric acid in the cold ; the conversion is facilitated by 
heat. All metaphosphates are converted into phosphates by 

* When alkaline liquids are boiled in glass or porcelain vessels, sensible 
quantities of silicic acid are always dissolved : hence, in very accurate analyses, 
platinum vessels must be employed. 
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heating with a concentrated acid, or by fusion with an alkaline 
carbonate. 

Blowpipe reactions. — When metaphosphate of sodium, or the 
glacial acid, is fused on charcoal before the blowpipe, and a piece 
of metallic zinc introduced into the fluid mass, a partial reduction 
of the acid takes place, and the liberated phosphorus burns with a 
brilliant flame. 

6. Pyropkosphoric Acid^ P^O^H* (quadribasic). — ^Phosphoric 
and metaphosphoric acids are capable of combining together in 
scTeral proportions, forming compounds which, owing to their ex- 
hibiting peculiar reactions in some cases, have sometimes been re- 
garded as distinct acids. The compoun d formed by the combin ation 
of 1 atom of each of these acids (PO^H'+PO^H^P^O^H*) has 
thus been cdXledi pyropkosphoric acid. This compound is produced 
by heating phosphoric acid to 213°, and its salts are obtained by 
igniting the corresponding monacid phosphates. It is soluble in 
water. Its solution does not precipitate albumen or chloride of 
barium. Its alkaline salts are soluble in water, with an alkaline 
reaction; its other salts are soluble in acids, and generally in an 
excess of phosphate of sodium, forming soluble double salts which 
exhibit a peculiar behaviour with reagents. Thus, from a solution 
of sesquiphosphate of iron, or protophosphate of manganese, in 
pyrophosphate of sodium, the heavy metal can scarcely be precipi- 
tated by hydrosulphuric acid or sulphide of ammonium. This 
peculiarity of behaviour is found in several other polybasic acids. 
The insoluble pyrophosphates, like the corresponding phosphates, 
are soluble in excess of the metallic salts from which they are 
precipitated, and the solution is reprecipitated by heat ; but this 
precipitate is not redissolved on cooling. The alkaline-earthy 
pyrophosphates are difficultly soluble in acetic acid. With nitrate 
of silver pyrophosphate of sodium gives a white precipitate, almost 
insoluble in excess of pjrrophosphate, soluble in nitric acid and 
ammonia. The same methods by which metaphosphates are 
converted into phosphates, apply equally to pyrophosphates. 

Besides pyrophosphoric acid, other acids have been described 
by Fleitmann and Henneberg(Ann. Ch. Pharm. Ixv. Ixxii.), 
which are probably combinations in different proportions of phos- 
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phoric and metaphosphoric acid. Among these are 2P20^ SH^O, 
=PO*H3+3P08H: 5P205, 6H20=P04H8 4-9P03H, &c. The 
same chemists have also obtained a series of salts, which they 
regard as polymeric modifications of metaphosphates, from which 
they differ in several properties. But the formulae which they 
assign to these salts always contain variable quantities of water 
of crystallisation; and, if this water be in each case introduced 
into the formula of the salt, it will be found that these salts too 
may be regarded as compounds of phosphates and metaphosphates 
in different proportions. 

f. Phosphorous Anhydride^ P^O-^. — Formed by the slow and 
imperfect combustion of phosphorus; as when phosphorus is 
oxidised by exposure to the air at the ordinary temperature. A 
white powder, smelling like garlic. It is readily soluble in water, 
forming 

g. Phosphorous Add, PHO^H^ (bibasic). — A syrupy liquid, 
which cannot be crystallised without great difficulty. It is en- 
tirely decomposed by heat, phosphoric acid being formed, and 
phosphide of hydrogen evolved (4P03H3=3P04H3+PH3). 

The normal alkaline phosphites are soluble in water ; all others 
are difficultly soluble or insoluble. When treated with oxidising 
agents, as chlorine or nitric acid, phosphites are converted into 
phosphates. With chlorides of barium and calcium, alkaline 
phosphites give a white precipitate, soluble in acetic and free 
phosphorous acids ; with acetate of lead, a white precipitate of 
phosphite of lead, insoluble in acetic acid. This is the least soluble 
of all the phosphites. With magnesium-sBlts, a dilute solution of 
a phosphite gives no precipitate. Phosphorous acid is a powerful 
reducing agent, precipitating the metals from solutions of salts of 
gold and silver, and subsalts of mercury ; the reduction is much 
facilitated by saturating the acid with ammonia. With chloride 
of mercury it gives a white precipitate of subchloride, ClHg^ ; if 
the mercury salt be in excess, the reduction does not proceed fur- 
ther ; but, if the phosphorous acid be in excess, metallic mercury 
is reduced, especially on the application of heat. When heated 
with sulphurous acid, phosphorous acid gives phosphoric and hy*- 
arosulphuric acids (SPO^Hs + S03H2= aPO^HH SH^) ; and, if 



PABTX. OBGANIC ACIDS. 65 

the sulphurous acid be in excess, the hydrosulphuric acid is 
decomposed and sulphur separated (p. 21). If the phosphorous 
acid contain any arsenic, it is entirely precipitated as sulphide. 
Arsenic acid is reduced by phosphorous acid to arsenious acid, 
which, by fusion with phosphorous acid, is reduced to metallic 
arsenic, which separates as a dark brown powder. Phosphorous 
acid dissolves zinc and iron, with evolution of phosphide of 
hydrogen. Dry phosphites are decomposed by heat, hydrogen 
being evolved, and a pyrophosphate formed ; the normal phos- 
phite of lead, and one or two others, evolve phosphide of hydrogen 
as well as hydrogen. 

h. Hypophosphorous Acid, PH^O^H (monobasic). — Formed, to- 
gether with phosphoric acid and phosphide of hydrogen, when 
phosphorus is boiled in a solution of caustic alkali or alkaline-earth. 
The acid is isolated by decomposing its barium-salt by sulphuric 
acid. It is a sjrrupy fluid, very similar in appearance to phospho- 
rous acid. By heat it is decomposed into phosphoric acid and 
phosphide of hydrogen (2P02H3=P04H3-f PH^). All hypo- 
phosphites are soluble in water. Hypophosphorous acid is even 
a more powerful reducing agent than phosphorous acid. With 
nitrate of silver it gives a white precipitate, which blackens 
speedily even in the cold: with acetate of lead, lime', and 
haryta-water, no precipitate. All hypophosphites are decom- 
posed by heat, phosphide of hydrogen being evolved, and a pyro- 
phosphate or acid phosphate left behind. With co;?/?er-salts, 
hypophosphorous acid separates in the cold a reddish yellow pre- 
cipitate of subhydride of copper, Cu^H, which on heating is de- 
composed into metallic copper and hydrogen. 

Determination of phosphorus in organic compounds. Organic 
compounds containing phosphorus are fused with carbonate and 
nitrate (or chlorate) of potassium, by which means the phos- 
phorus is converted into phosphoric acid, and may be estimated 
as phosphate of magnesium and ammonium. 

13. Organic Acids. 

Of the numerous acids containing carbon, oxygen, and hydrogen 
(and occasionally nitrogen), commonly called organic acids, a few 

F 
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are of sufficient importance as reagents in mineral analysis to 
make it necessary to enumerate their reactions. A general re- 
action, common to nearly all these acids, is, that their alkaline and 
alkaline-earthy salts are converted by ignition into carbonates, 
with separation of carbon and consequent blackening of the com- 
pound. Oxalates, if perfectly pure, are not blackened by ignition. 

The organic acids which we are about to mention may be con- 
veniently divided into two classes : volatile &nA non^volatile a,cida. 
The volatile acids, when heated in the free state, are volatilised 
entirely, generally without decomposition, and if pure, leave no 
carbonaceous residue : they may be removed from their salts by 
distillation with dilute sulphuric acid. The non-volatile acids 
are decomposed when heated in the free state, a considerable car- 
bonaceous residue being left : they cannot be removed from their 
salts by distillation' with dilute sulphuric acid. The non- 
volatile acids are further distinguished from the volatile by the 
property of hindering the precipitation by alkalis of certain 
metallic oxides from their salts (e.g, sesquioxide of iron): for the 
non-volatile acids, being polybasic, form double salts of the 
alkaline and the heavy metal, which are soluble in water. 
Volatile organic acids do not hinder this precipitation. In 
presence of non- volatile organic acids, the heavy metal may be 
precipitated as sulphide by sulphide of ammonium. 

Volatile Organic Acids, a. Acetic Acid, C^H^O'H. — Below 
17®, acetic acid forms a white crystalline mass; above that 
temperature, a colourless fluid, with an irritating smell, which is 
familiar to every one as that of vinegar. All acetates are soluble 
in water : the least soluble are acetate of silver and subacetate 
of mercury, whence acetic acid produces crystalline precipitates 
in not too dilute solutions of salts of silver and subsalts of 
mercury. Most acetates (especially those which contain a 
strong base) are decomposed by heat, acetone being formed, the 
vapour of which is combustible and has a characteristic smell 
(2C2H302K=C3H60 + C03K2). With sesquisalts of iron, a solu- 
tion of an acetate (not free acetic acid) gives a dark-red colour, 
which is destroyed by mineral acids, not by excess of acetic acid. 
Excess of ammonia precipitates all the iron from this solution as ses- 
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quibydrate: when the solutionis heated, all the iron is precipitated 
as basic acetate, (c) When a drj acetate (or a concentrated 
aqueous solution) is heated with excess of sulphuric acid and a 
Kttle alcohol, acetic ether or acetate of ethyl (C^H^O^C^HS) is 
formed, and easily recognised by its peculiar fragrant smell. If 
too much alcohol be taken ether will be formed, the smell of 
which will mask that of the acetic ether. When a dry acetate is 
heated with arsenious acid, kakodyly ((C*H3)^As2) is formed, which 
possesses a most nauseous and characteristic smell. This reaction 
does not distinguish acetic acid from propylic (C^H^O^H) and 
other higher acids of the series, which form, with arsenious acid, 
compounds which closely resemble kakodyl in smell. For the 
detection of acetic acid in a solution containing an acetate together 
with other compounds, the best method is to distil the solution 
with dilute sulphuric acid, by which the acetic acid is set free, 
and, being volatile, passes 'over, and is found in the distillate. 
A very dilute acid solution should be neutralised with carbonate 
of sodium, and concentrated by evaporation, previous to distilla- 
tion. For the detection of acetic acid in presence of other volatile 
acids homologous* to acetic, the aqueous solution of the free acids 
is partially neutralised with potash, and the whole submitted to 
distillation ; when the acetic acid is found, either wholly or par- 
tially, in the residue, as acid acetate of potassium, while the other 
volatile acids (which do not form acid salts with metals), pass 
over and are found in the distillate. This method of fractional 
saturation may be applied to the separation of other acids of this 
series. The boiling-point of each acid in the series rises about 
19® for each addition of CH^ ; so that a lower acid is always 
more volatile than the higher ones : and when a mixture of two 
or more such acids is partially saturated with a base, the higher 
acid is always completely neutralised before those below it com- 

* The term homologous^ suggested by Gerhardt, is applied to those bodies 
which resemble each other in their chemical properties, and only differ in their 
composition by CH*, or some multiple of CH*. Thus, acetic acid, C^H'O'^H 
propyHc acid, C'H^O^H, butyric acid, C'H'O^H, valerianic acid, [C^H'O^H, &c. 
are homologous to each other. Similarly we have series .of homologous 
alcohols, aldehydes, &c. 
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bine with any of the base. Hence, if a mixture of propylic and 
butyric acids be partially saturated with potash, and submitted to 
distillation, the lower acid (propylic) being free, will distil over ; 
and if just enough potash has been added to exactly neutralise the 
butyric acid, the whole of this acid will be found in the residue, 
and the whole of the propylic in the distillate. If less potash 
than this has been added, the propylic acid, being more volatile, 
will pass over first, and then the free butyric acid, while the 
residue will contain nothing but butyrate of potassium : if more 
potash has been added, the distillate will contain only propylic 
acid, the residue a mixture of propylate and butyrate of potas- 
sium. Acetic acid is, as has been observed, an exception to this 
rule : for it forms an acid potassium-salt, which will always be 
found in the residue. 

When an acetate is heated with strong sulphuric acid, acetic 
acid is given off (with its peculiar smell), and there is no blacken- 
ing of the mixture. 

b. Formic Add, CHO^H. — Formic acid is a colourless liquid, 
which boils at 100° ; it has a smell somewhat similar to that of 
acetic acid. All formates are soluble in water, though less so 
than the corresponding acetates. All formates are decomposed 
by heat: the fixed alkaline, and alkaline-earthy formates, give off 
carbonic oxide, leaving a mixed residue of carbonate and free 
carbon; those of other metals {e,g. copper, lead) give off carbonic 
oxide and anhydride, and leave a residue of reduced metal. For- 
mates exactly resemble acetates in their behaviour with sesqui- 
salts of iron. Formic acid is, however, easily distinguished from 
acetic acid, by its property of reducing many metals from their 
salts, with evolution of carbonic anhydride. Formic acid, or any 
formate, when heated with nitrate of silver or terchloride of goldy 
gives a brown precipitate of metallic silver or gold; with sub* 
nitrate of mercury^ a grey precipitate of metallic mercury; with 
chloride of mercury, a white precipitate of subchloride, which by 
long boiling is slowly reduced to metallic mercury. They also 
destroy the colour of permanganate of potassium. This reducing 
action distinguishes formic acid from most of its homologous acids, 
and renders its detection very easy. For the detection of small 
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quantities of formic acid in solutions which contain other organic 
compounds, distillation with dilute sulphuric acid is employed: 
the distillate is saturated with carbonate of sodium, concentrated 
by evaporation, and the formic acid detected in it by the above 
reactions. When heated with concentrated sulphuric acid, formic 
acid and formates are decomposed with effervescence into water 
and carbonic oxide which bums with a blue flame (CHO^H = 
CO + 0H2): there is no blackening of the mixture. 

c. Benzoic Add^ C^H^O^H. — Forms white crystals, which 
when heated, sublime entirely into long needles, leaving only the 
slightest possible residue of carbon: its vapours are very irrita- 
ting, and excite coughing. It is very slightly soluble in cold water 
or acids; hence, when a mineral acid is added to a solution of 
benzoate, a white precipitate of benzoic acid is produced. Froto- 
benzoates are mostly soluble in water: sesquibenzoates are in- 
soluble. When benzoic acid is added to sesquichloride of iron, a 
yellow precipitate of sesquibenzoate of iron is formed; if the free 
acid be saturated with ammonia, this precipitate contains the 
whole of the iron. Hence, benzoate of ammonium is employed 
as a reagent for separating the sesquioxides from a solution con- 
taining proto- and sesquisalts. The metal may be removed from 
the precipitate by hydrochloric acid, which leaves the benzoic 
acid undissolved; or the benzoic acid may be removed by am- 
monia, which leaves sesquihydrate of iron. With acetate of lead 
benzoic acid gives no precipitate: and only a very slight one 
when the free acid is neutralised with ammonia, (o) When ben- 
zoate of calcium is distilled with excess of lime, the benzoic acid 
is ' decomposed into carbonic anhydride and benzine, C^H^, a 
fragrant oily liquid, insoluble in water, boiling at 80®. The test 
is thus conducted: — The benzoic acid precipitated by an acid from 
a soluble benzoate is collected on a filter, dried with blotting- 
paper, and dissolved in as little lime-water as possible ; an equal 
bulk of lime-water is then added, and the whole distilled. Very 
small quantities of benzoic acid may be detected in this way. 
When benzoic acid is heated with strong sulphuric acid, no sul- 
phurous anhydride is evolved, and the mixture is not blackened. 

. d. Succinic Add, C*H*O^H* (bibasic). — ^A homologue of oxalic 
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acid, C'0*H*. It forms white crystals, which sublime when 
heated, leaving a larger residue of carbon than is left in the case 
of most other volatile organic acids. It is much more soluble in 
water than benzoic acid, and therefore is not precipitated from 
its soluble salts by a mineral acid. Frotosuccinates are all 
soluble in water; sesquisuccinates are mostly insoluble. Succinic 
acid precisely resembles benzoic in its behaviour to sesquisalts of 
iron: but, as the precipitate of sesquisuccinate is much less volu- 
minous than that of sesquibenzoate, succinate of ammonium is a 
more convenient reagent than benzoate for the precipitation of 
sesquisalts. With acetate of lead succinic acid gives a precipitate 
of succinate of lead, soluble in excess of either reagent. With 
chloride of barium it gives no precipitate; but on the addition of 
ammonia and alcohol, a white precipitate is formed: benzoic acid 
does not exhibit this reaction. When succinic acid is heated 
with strong sulphuric acid, the mixture gradually blackens, and 
sulphurous anhydride is evolved. 

Non-volatile Organic Acids, a. Oxalic Acid, C^O^H* 
(bibasic). — Forms white crystals, which contain 2 atoms of water 
of crystallisation : soluble in water and alcohol, giving a strongly 
acid solution. It is a violent poison. When heated it is almost 
entirely decomposed, carbonic oxide and anhydride, and some 
formic acid being formed. The alkaline oxalates are soluble 
in water, but not very readily, the acid salts less so than the 
normal ; most other oxalates are insoluble. Sesquioxalates 
are generally soluble. With calcium-salts, oxalic acid or a soluble 
oxalate gives a white crystalline precipitate of normal oxalate of 
calcium, insoluble in ammonia, ammoniacal salts, and acetic acid, 
slightly soluble in free oxalic acid, soluble in mineral acids. This 
precipitate is formed in very dilute solutions, even in sulphate of 
calcium. This reaction affords the best test both for oxalic acid 
and for calcium. With soluble copper-sBlts, it gives a precipitate 
of oxalate of copper : crystallised oxalic acid is not dissolved in a 
solution of chloride of copper, but is gradually converted into 
oxalate of copper. In other metallic solutions this change first 
takes place on the application of heat. With nitrate of silver it 
gives a white precipitate,, soluble in nitric acid and ammonia. 
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When heated with terchloride of gold^ oxalic acid reduces metallic 
gold, with evolution of carbonic anhydride. It does not reduce 
platinum from its salts. When heated with sulphuric acid, all 
oxalates are decomposed into equal volumes of carbonic oxide 
and anhydride, and the mixture does not blacken (C20*H2=CO-h 
CO' + OH^). All oxalates are decomposed by ignition, in manners 
varying according to the bases which they contain. Oxalates of 
such metals as form stable carbonates give off carbonic oxide, 
while a metallic carbonate remains. Those of the metals which 
do not form carbonates, or whose carbonates are decomposed by 
ignition, evolve equal volumes of carbonic oxide and anhydride, 
leaving a residue of metallic oxide. Those of the metals whose 
oxides are reduced by carbonic oxide, evolve carbonic anhydride 
alone, and leave a residue of reduced metal. 

Since oxalic acid cannot be separated from its salts by distillation 
with dilute sulphuric acid (for by this treatment it is decomposed 
into CO and 00^) it must be classed among the non-volatile acids. 
But it does not exhibit the reaction which we have already 
mentioned as generally characteristic of this class of organic acids, 
that of hindering the precipitation by alkalis of certain metallic 
oxides. A sesquisalt of iron to which oxalic acid has been added, 
is completely precipitated by ammonia : but if a fixed alkaline 
carbonate be employed instead of ammonia, oxalic acid does to a 
certain extent prevent the precipitation. 

b. Tartaric Acid, C^H^O^H^ (bibasic). — Forms colourless 

crystals, very soluble in water: they are decomposed by heat, 

giving off a peculiar smell, much resembling that of burnt sugar, 

and leaving a large residue of carbon. Of the alkaline tartrates, 

the acid salts are much less soluble than the normal : hence, if 

tartaric acid be added in excess to a solution of potash, a white 

crystalline precipitate of acid tartrate of potassium is formed, 

which is insoluble in all organic acids except oxalic, soluble in 

mineral acids, alkalis, and alkaline carbonates : by the two latter 

solvents it is converted into the soluble normal tartrate, whence 

the acid tartrate is reprecipitated by acetic acid. As the acid 

tartrate is soluble in alkalis, potash should not be used for the 

detection of small quantities of tartaric acid: it is better to 
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employ chloride or nitrate of potassium, in excess of which the 
acid tartrate is insoluble. Of the other tartrates, the acid salts 
are more soluble than the normal, (c) With lime-water in excess 
tartaric acid gives a white precipitate of normal tartrate ; chloride 
of calcium gives the same precipitate with a normal tartrate ; 
sulphate of calcium does not. This precipitate is soluble in acids, 
even in free tartaric acid, and in ammoniacal salts, but not in 
ammonia. It is soluble in potash in the cold, but is reprecipitated 
on boiling the solution, and redissolved on cooling. It is insoluble 
in chloride of copper. From nitrate of silver normal tartrate of 
potassium reduces metallic silver on heating. All tartrates, when 
heated with strong sulphuric acid, give off sulphurous anhydride 
and the mixture is blackened. 

JRacemic Acid is isomeric with tartaric acid, which it resembles 
closely in all its reactions. Kacemate of calcium, however, is 
insoluble in ammoniacal salts ; and is formed, after a time, by 
racemic acid in a solution of sulphate of calcium. From this re- 
action racemic might be confounded with oxalic acid: but they 
are readily distinguished by th^ir behaviour when heated with 
sulphuric acid, when racemic behaves exactly like tartaric acid. 

c. Citric Acid, C^H^O'^H^ (tribasic). — Forms white crystals, 
soluble in water and alcohol ; they are decomposed by heat, giving 
off irritating vapours, and leaving a carbonaceous residue less 
abundant than in the case of tartaric acid. Most citrates are 
soluble in water. With potassium-sdiXt^, citric acid gives no pre- 
cipitate. With lime-water, citric acid gives no precipitate in the 
cold ; neither does a dilute solution of a citrate with chloride of 
calcium; but on boiling the mixture (which must be neutral or 
alkaline), a white precipitate of basic citrate of calcium is formed, 
insoluble in alkalis, very slightly soluble in ammoniacal salts, 
soluble in free acids, and in chloride of copper. This precipitate 
is redissolved when the solution cools. ' With acetate of lead, 
citric acid gives a white precipitate, slightly soluble in ammonia. 
When heated with strong sulphuric acid, all citrates give off 
carbonic oxide ; the mixture does not blacken or evolve sul- 
phurous acid till heat has been applied for some time. 

d. Malic Acid, C^H^O^H^ (bibasic). — Forms colourless crystals 
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which deliquesce in the air : very soluble in water and alcohol ; 
when heated, they are decomposed into maleic acid, C*H*0*, 
which sublimes, and fumaric acid, isomeric with maleic, which 
remains behind {C*BP&=C*lL*0^ + OR^), By ignition it is 
carbonised, giving off a smell resembling that of tartaric acid. 
Most malates are soluble in water. A solution of malic acid or 
a malate is not precipitated by chloride of calcium, or lime-water, 
either in the cold or on heating ; but on the addition of alcohol, 
a white precipitate of malate of calcium separates. Normal 
malate of calcium is also precipitated by long boiling of a solution 
of malic acid, nearly neutralised by milk of lime. This is the 
process by which malic acid is extracted from the juice of the 
berries of the mountain-ash. (c) With acetate of lead, malic 
acid gives a white precipitate, soluble in excess of malic acid or of 
anmionia : when this precipitate is heated with its mother liquid, 
it melts to a semi-fluid transparent mass. When any malate is 
heated with fuming sulphuric acid, the mixture is not blackened. 
This reaction distinguishes malic from citric and tartaric acids. 

e. Meconic Acid, C^HO^H^ (tribasic). — Exists in opium. The 
alkaline-earthy meconates are insoluble. With sesquisalts of iron 
meconic acid gives a deep red colour, closely resembling that 
produced by sulphocyanic acid ; from which it is distinguished 
by its being destroyed by hydrochloric acid, and not affected by 
chloride of mercury (p. 42). 

f. Tannic Acid, C27H22017.— (The basicity of tannic acid is not 
yet accurately determined ; it is certainly polybasic.) Contained 
in gall-nuts. It forms an amorphous mass, which is generally 
coloured yellow by the action of the air. It is soluble in water, 
alcohol, and ether. Mineral acids precipitate it from its aqueous 
solution as a gelatinous mass insoluble in excess of acid. Its 
syrupy ethereal solution does not mix with excess of ether. With 
sesquisalts of iron tannic acid gives a bluish-black precipitate, 
which constitutes the colouring matter of ink ; with protosalts of 
iron this precipitate only forms as the protosalt is gradually 
oxidised by exposure to the air. With tartrate of antimony and 
potassium (tartar emetic) it gives a white gelatinous precipitate. 
With solution of gelatine it gives a white precipitate, not abso- 
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lutely insoluble in water, unless the tannic acid be in excess, in 
which case, the precipitate is greyish and aggregated to an elastic 
mass. It is owing to this property that tannic acid combines 
with animal skin, forming leather. Tannic acid is entirely 
removed from a solution by immersing in it a piece of skin : 
and the acid may be estimated by' determining the increase in 
weight of the skin. With most organic alkaloids, tannic acid 
forms white compounds, insoluble in water, soluble in acetic acid. 

g. Gallic Addy C^H^O^IP (tribasic). — By a gradual heat 
gallic acid is decomposed into pyrogallic acid, C^H^O^ and car- 
bonic anhydride. With proto- or sesquisalts of iron, it gives a 
bluish-black precipitate. It is distinguished from tannic acid by 
not precipitating a solution of gelatine. An alkaline solution of 
gallic acid absorbs oxygen from the air, becoming gradually 
yellow, green, red, and finally dark brown. 

h. Lactic Acid, C^H^O^ (bibasic ?). — Formed by the fermen- 
tation of milk. It is a colourless liquid, readily soluble in water, 
alcohol, and ether. It is decomposed by heat, with evolution of 
carbonic oxide and formation of various compounds. All lactates 
are soluble in water, the alkaline lactates most readily : the zinc- 
and calciuni'SsAts are easily crystallisable, and serve for the isola- 
tion and detection of lactic acid. For the detection of lactic acid 
in animal compounds (e. g, in the fluid extracted from flesh, in 
blood, urine, &c.), the liquid is evaporated to dryness and the 
residue treated with an alcoholic solution of oxalic acid, and 
filtered ; the filtrate digested with oxide of lead, and again filtered; 
the filtrate, which contains all the lactic acid as lactate of lead, 
decomposed by hydrosulphuric acid, filtered off from the sulphide 
of lead, concentrated by evaporation, digested with oxide of zinc 
or excess of milk of lime, and the clear solution crystallised. Or 
the residue obtained by evaporation in the water-bath is treated 
with alcohol, the alcoholic solution evaporated to a syrup and 
mixed with its own volume of dilute sulphuric acid (1 vol. acid 
and 1 vol. water), and with three or four times its volume of alco- 
hol. The alcoholic solution, which contains all the lactic acid^ is 
mixed with ether until no fresh precipitate is produced by further 
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addition of ether, filtered, the alcohol and ether distilled off, and 
the residue concentrated in the water-bath to a syrup : it is then 
mixed with half its volume of alcohol and five times its volume of 
ether, which dissolves out the lactic acid in a state of purity. 
After the removal of the ether by evaporation, the lactic acid is 
saturated with milk of lime, and the clear solution crystallised, 
and purified from sulphate of lime by recrystallisation from alco- 
hol. The presence of lactic acid is most certainly ascertained by 
the ultimate analysis of the salt thus obtained. Lactic acid does 
not hinder the precipitation, by excess of lime-water, of oxide of 
copper from salts of copper. When heated with strong sulphuric 
acid, lactic acid gives off pure carbonic oxide, and the mixture is 
blackened. Heated with nitric acid it is converted into oxalic 
acid. 

i. Uric Add, C^WWO^W (bibasic> — Contained in the excre- 
ment of serpents, in urinary calculi, human urine, guano, &c. It 
forms white, shining, crystalline scales, which are scarcely at all 
soluble in cold water, dilute hydrochloric or acetic acid ; insoluble 
in alcohol and ether ; soluble in alkalis and alkaline salts, from 
which solution acids precipitate uric acid. It is decomposed 
by heat, forming urea, cyanuric acid, carbonate and cyanide of 
ammonium, and hydrocyanic acid,' and leaving a carbonaceous 
residue, (c) It is soluble in strong nitric acid, with evolution of 
gas : if this solution be evaporated nearly to dryness in the water- 
bath, and a drop of ammonia added, a magnificent purple-red 
colour is produced, owing to the formation ofmurexidey C^H^N^O® : 
the addition of caustic potash changes the colour to a bluish-purple. 
Very small traces of uric acid may be detected by this reaction. 
For the detection of uric acid in urine, a considerable quantity of 
urine is mixed with hydrochloric acid, and allowed to stand for 
one or two days, when the uric acid separates out. From urinary 
calculi it is obtained by boiling them with dilute potash, and 
saturating the filtrate with hydrochloric acid. From liquids con- 
taining albumen (as the serum of blood), hydrochloric acid preci- 
pitates albumen as well as uric acid. In this case the liquid is 
evaporated to dryness in the water-bath, the residue exhausted 
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with alcohol, and treated with boiling water : the aqueous solution 
is concentrated by evaporation, and the uric acid precipitated from 
it by acetic acid, and tested by nitric acid and ammonia as above. 
When fused with caustic potash uric acid evolves ammonia : the 
residue, if not too strongly heated, contains cyanide and cyanate 
of potassium. 
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PART II. 

REACTIONS OF THE METALLIC ELEMENTS AND THEIB 

SALTS. 

The metallic elements, or metals, are capable of division into 
certain definite groups, the members of which exhibit similar reac- 
tions with a certain general reagent. There is, however, one metal. 
Hydrogen, which cannot be included in any of these groups, as 
it does not exhibit any characteristic reaction with any of the 
general reagents which serve for the classification of the metals. 
We shall therefore study this metal first, and then proceed to the 
consideration of the other metals in their several groups, taking 
first that group of metals which are most analogous to the non- 
metallic elements. By so doing we invert the order which is 
commonly adopted in works on analysis, according to which the 
alkaline metals are considered as the first group, while those which 
are most analogous to the non-metallic elements constitute the 
last group. The ordinary arrangement is attended with no con- 
ceivable advantage. Not only is it purely arbitrary, and is 
never followed in actual analysis, in which the metals analogous 
to the non-metallic elements are invariably separated first, and 
the alkaline metals last; but it also conceals the remarkable grada- 
tion of properties which exists between all elements, metallic and 
non-metallic, and which is indicated by the arrangement we 
have adopted. 

Hydrogen. H. Atomic weight, 1. 

A permanent colourless gas, devoid of smell : it is the lightest 
body known : it is inflammable, burning with an almost colourless 
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flame, forming only water. It is but very slightly soluble in 
WBiter. It combines with half its volume of oxygen, forming 
water ; the combination takes place slowly on contact with pla- 
tinum-black, which may be made into a ball with moist clay, 
and introduced into the gaseous mixture ; or immediately, with 
explosion, on the application of a light. Equal volumes of 
hydrogen and chlorine combine with explosion when exposed to 
sunlight, forming hydrochloric acid ; in the dark they combine 
very slowly or not at all. When hydrogen, or a gaseous mixture 
containing hydrogen, is passed over red-hot oxide of copper, or 
when an organic compound is heated to redness with excess of 
oxide of copper, the whole of the hydrogen is converted into 
water, which may be collected in a tube containing chloride of 
calcium, and the amount of hydrogen determined from the in- 
crease in weight of the tube. The carbon in organic compounds 
is converted by the same process into carbonic anhydride. This 
is the most general method for detecting the presence of hydrogen. 

Oxides op Hydrogen. — The most important oxide of hydro- 
gen is Water, OH 2. It is a colourless liquid, devoid of taste or 
smell, and neutral to litmus-paper. When evaporated on pla- 
tinum foil, it leaves no residue. 

For the detection of water in solid non-volatile bodies, in 
minerals and salts, the substance under examination is heated to 
dull redness in a perfectly dry glass tube, closed at one end, 
which is held in a slanting position over the lamp ; if any water 
be present it will be condensed in the cool part of the tube, 
either in the form of mist or of drops. In the case of organic 
compounds, the heat applied must not be sufficient to decompose 
them entirely. 

The estimation of water, in substances which are not vola- 
tilised or decomposed by an elevation of temperature, is effected 
by simply heating them to a certain temperature, until they no 
longer lose weight, and determining the loss of weight sustained 
by them. The degree of heat necessary varies in different sub- 
stances. Substances which cannot be dried by heat {e. g. gases, 
volatile liquids, &c.) are freed from water by contact with 
chloride of calcium, sulphuric acid, phosphoric anhydride, and 



PABT U. METALLIC ELEMENTS : GBOUP I. 79 

Other hygroscopic bodies. In substances which are decomposed 
by heat, the water is collected in a weighed chloride of calcium 
tube, and estimated directly by the increase in weight of the tube. 
This method is inapplicable when any of the products of de- 
composition (e, g, ammonia) are absorbed by chloride of calcium. 

GBOTTP I. 

Metals whose sulphides are insoluble in dilute mineral acids; 
which can, therefore, be completely precipitated by hydrosul- 
phnric acid firom a solution acidulated by nitric or hydro- 
chloric acid. 

This group contains two subdivisions: — 

A. Metals whose sulphur compounds possess acid properties. 
These are arsenicy antimony , tin, goldy platinum^ iridium, selenium^ 
tellurium^ molyhdenumy wolfram^ vanadium. Their sulphides are 
soluble in alkaline sulphides, and form therewith sulpho-salts, 
which are generally analogous to the oxygen salts of the same 
elements, oxygen being replaced by sulphur. 

B. Metals whose sulphur compounds do not possess acid pro- 
perties. These are Uady silver^ mercury^ bismuth, copper, cad- 
miunij palladium, rhodium, osmium, ruthenium. Their sulphides 
are insoluble in alkaline sulphides. (Sulphide of mercury is 
soluble in sulphide of potassium, or sodium ; sulphide of copper is 
somewhat soluble in sulphide of ammonium.) 

The metals of these two subdivisions are very readily separated. 
Their acid solution is completely precipitated by hydrosulphuric 
acid (the precipitation being facilitated by gentle heat), and the 
precipitate digested with an excess of sulphide of ammonium, or 
sulphide of potassium ; when the sulphides of the metals of the 
second division remain undissolved, while those of the first 
division are completely dissolved. The addition of dilute hydro- 
chloric acid, reprecipitates the dissolved sulphides, with evolution 
of hydrosulphuric acid (2SbS4K3 + 6C1H= Sb^S^ + 3SH2 +6C1K); 
and, if the alkaline sulphide employed contained any sulphur com 
pound higher than the protosulphide, with separation of sulphur. 
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Oroup I.— Subdivision A. 

1. Arsenic. As. Atomic weight, 75. 

Arsenic is found native as sulphide of arsenic ; as metallic 
arsenides (chiefly in combination with iron, nickel, and cobalt); 
and as arsenates (of calcium, magnesium, lead, &c.). Traces of 
it are almost invariably found in sulphur, iron, copper, tin, and 
antimony ; and it also exists in the deposit from several mineral 
springs. It is a brittle metal, easily powdered ; in contact with 
moist air it loses its metallic lustre, is oxidised and covered with 
a brown coating, from which arsenious acid may be dissolved by 
water or hydrochloric acid. It is completely volatile ; when 
heated in contact with air, it burns and forms arsenious anhy- 
dride, giving off at the same time a penetrating smell of garlic. 
It is not attacked by hydrochloric acid ; nitric acid oxidises it 
into arsenious acid, or, if very concentrated, partly into arsenic 
acid. Chlorine combines violently with metallic arsenic at the 
ordinary temperature, forming liquid terchloride of arsenic. Chlo- 
rine, aqua-regia, or hydrochloric acid and chlorate of potassium 
oxidise all arsenic compounds, without exception, to arsenic acid : 
the same effect is produced by the fusion of an arsenic compound 
with a nitrate. 

Oxides of Arsenic. Arsenious Anhydride, As^O^. Arsenic 
Anhydride, As^O*. 

a. Arsenious Anhydride. Arsenious Oxide. As^O^. — Obtained 
either as a white powder, or as a transparent glassy mass, 
which becomes opaque by exposure to the air, without, how- 
ever, absorbing any moisture. It can be obtained in definite 
octahedral crystals, either by sublimation, or by crystallisation 
from a hot saturated aqueous solution. It is completely vola- 
tile; its vapour is free from smell; the characteristic garlic 
smell of arsenic is only perceived when arsenious oxide is heated 
in contact with charcoal, or some other reducing agent. It is 
a violent poison. It is difficultly soluble (in about 50 parts) 
in cold water ; more easily (in 10 to 12 parts) in hot water ; stiU 
more easily in hydrochloric acid, or alkalis. The aqueous solu- 
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tion contains arsenious acid, AsHO^H', analogous to phosphorous 
acid : the alkaline solution contains an alkaline arsenite. 

Arsenious acid forms a definite series of salts, which are closely 
analogous to the phosphites : many of them are insoluble in water. 
An aqueous solution of an arsenite is coloured yellow by hydro- 
sulphuric add, but is not precipitated unless free acid be present, 
in which case the whole of the arsenic is precipitated as tersul- 
phide (As^S^), of a lemon-yellow colour. Tersulphide of arsenic is 
readily soluble in caustic alkalis (whether fixed or volatile) form- 
ing an alkaline arsenite and sulpharsenite, (As^S'h- 4KH0= 
A8S3HK2+As03HK2 + OH2), in alkaline carbonates, sulphites, 
and sulphides, and in nitric acid : it is insoluble in hydrochloric 
acid. From any of these solutions it is completely reprecipitated 
as tersulphide on neutralisation with nitric or hydrochloric acid, 
(For other reactions of As^S^ see p. 86.) With nitrate of silver, 
after exact neutralisation with ammonia, arsenious acid gives a 
yellow precipitate: with sulphate of copper, after neutralisa- 
tion, a yellowish- green precipitate (S ch eel e's green): with excess 
of lime-water, a white precipitate. The two first of these pre- 
cipitates are readily soluble in ammonia, chloride of ammonium, 
and nitric acid ; the last in nitric acid and ammoniacal salts. Arse- 
nious acid is not precipitated by a mixture of ammonia, chloride 
of ammonium, and a magnesium-salt. Arsenious acid is a powerful 
reducing agent, being itself oxidised into arsenic acid. Thus, with 
terchloride of gold, its acid solution gives a precipitate of metallic 
gold, from the weight of which the amount of arsenious acid may 
"he calculated, 3 atoms arsenious acid reducing 2 atoms of gold 
(3A803H3 -h 2C13AU + 30H2=3As04H3 + Au^ + 6C1H) : with 
bichromate and permanganate of potassium it gives a green and 
brown -yellow colour respectively. When a solution of an alkaline 
arsenite is heated with a little sulphate of copper, a red precipitate 
of suboxide of copper is formed ( AsHO^K^ + 2S04Cu2 + 20H2= 
AsOH^-f SOK>+ S04H2 + Cu^O). A solution of arsenious acid 
in excess of carbonate of sodium takes up iodine, forming arsenic 
acid and a metallic iodide (AsHO^Naa + Na20 + I2=As04Na2H-f. 
2INa). If a little starch paste be added to the mixture, the first 
appearance of a blue tint marks exactly the point at which all the 

a 
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arsenious acid is converted into arsenic acid. (On this reaction is 
founded a method for the volumetric estimation of chlorine, iodine, 
&c., p. 249.) If clean metallic copper be immersed in a hydrochloric 
acid solution of arsenious acid, a grey precipitate of metallic arsenic 
is formed on the copper. (R e i n s c h's test.) When arsenious (or 
arsenic) acid is brought into contact with metallic zinc and dilute 
hydrochloric or sulphuric acid in a Marsh's apparatus, hydrogen 
is evolved together with arsenide of hydrogen, AsH^, a gas which 
has a very nauseous smell and is inflammable, burning with a bluish- 
white flame, and forming water and arsenious anhydride. If a cold 
surface, e. g. a fragment of porcelain, be introduced into the flame, 
shining stains of metallic arsenic are deposited upon it, which, ac- 
cording to the quantity of arsenic present, are of a brown, steel- 
grey, or almost black colour. Very small traces of arsenic may be 
detected in this manner. The arsenic spots disappear on the addi- 
tion of a drop of a strong alkaline solution of hypochlorite of sodium; 
or they are dissolved by a drop of hot nitric acid, forming a clear 
solution which contains either arsenious or arsenic acid. If a drop 
of nitrate of silver be now added to this solution, and a glass-rod 
moistened with ammonia be held over it (without touching it), a 
yellow or red precipitate of arsenite or arsenate of silver is formed. 
If the arsenic spots be exposed to an atmosphere of moist chlorine 
(evolved in the cold from chloride of lime and a dilute acid), they 
at once disappear; and if a drop of nitrate of silver be then 
dropped on the place where the arsenic spot was, a reddish 
precipitate is formed, consisting of arsenate and chloride of 
silver. If the arsenide of hydrogen (previously dried by passing 
through a chloride of calcium tube) be led through a narrow 
tube of hard glass, free from lead, which is drawn out to a point 
at the further end, and the middle of the tube heated to redness 
over the lamp, a dark-brown shining ring of metallic arsenic is 
deposited in the tube, beyond the heated portion ; if arsenic be 
present in any quantity, the ring is completely opaque. The 
arsenic deposit is readily volatile, and may be driven hither and 
thither in the tube by the application of heat, while a stream of 
hydrogen is kept passing through the tube : the arsenic does not 
fuse into globules, and the gas that issues from the tube has a 
istinct smell of garlic. If the arsenic deposit be heated while a 
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stream of hydrosulphuric acid is passed through the tube, it is 
entirely converted into volatile yellow tersulphide of arsenic, 
which is not decomposed by hydrochloric acid. If arsenide of 
hydrogen be led into hot concentrated nitric acid, a clear solution 
of arsenic acid is formed ; if it be led into a solution of nitrate of 
silver, arsenite of silver is formed, which is retained in solution by 
the free nitric acid, and is precipitated yellow on the neutralisa- 
tion of the free acid by ammonia. This property of forming 
a gaseous compound with hydrogen, from which a metallic deposit 
may be obtained, distinguishes arsenic from every other metal 
except antimony, which, under the same circumstances, yields a 
metallic deposit very closely resembling in appearance that of 
arsenic : it may, however, be distinguished from the arsenic deposit 
by several reactions, which will be enumerated under the head of 
Antimony (p. 90). 

The vapour of arsenious anhydride is easily reduced by passing 
over redhot charcoal, metallic arsenic being separated (As^O^-f 
C'=A8^ + 3CO). Thus, if a fragment of arsenious anhydride be 
placed in the closed end of a very narrow tube, and two or three 
splinters of freshly ignited charcoal, about half an inch long, be 
placed above it, and, the tube being held horizontally, the part of 
it containing the charcoal heated to redness before the arsenious 
anhydride is volatilised, a dark shining ring of metallic arsenic 
will be formed in the tube beyond the charcoal : this ring may be 
driven by heat from one part of the tube to another, till it is 
entirely oxidised by the air in the tube, and converted into colour- 
less, shining, volatile crystals of arsenious anhydride, the octa- 
hedral form of which may be clearly discerned through a magni- 
fying glass. When arsenious anhydride is fused with cyanide of 
potassium, cyanate of potassium is formed, and the whole of the 
arsenic volatilised (As203-|-3CyK=3CyOK + As2). When a 
fragment of arsenious anhydride about the size of a pin's head is 
heated in a test-tube with about the same quantity of dry acetate 
of potassium, oxide of kakodyl is formed, and easily recognised by 
its pecuUarly offensive smeU (4C2H302K + As203=C4Hi2As20-f 
2C03B?-f-2CO^). When arsenious acid or any other arsenic 
compound is mixed with a large excess of organic matter, it may 
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be separated therefrom by distillation with chloride of sodium 
and excess of concentrated sulphuric acid, when terchloride of 
arsenic passes over into the distillate, where it gives the ordinary 
reactions of arsenious acid. The whole of the arsenic cannot be 
separated in this manner. 

b. Arsenic Anhydride, Arsenic Oxide. As^O*. — A white 
opaque mass, which, when freshly fused, has a glassy appearance. 
By ignition it is decomposed into arsenious anhydride and oxygen, 
and volatilises entirely, leaving no residue. It absorbs moisture 
from the air and gradually liquefies : and is then readily soluble 
in 6 parts cold and 2 parts hot water. The solution, which 
has a strong acid reaction, contains Arsenic Acidy AsO^PF, a 
tribasic acid, precisely analogous to phosphoric acid. Most arse- 
nates are colourless, and isomorphous with the corresponding 
phosphates : those which are not soluble in water are soluble in 
nitric or hydrochloric acid. 

A solution of an arsenate acidified by hydrochloric acid is very 
slowly precipitated by hydrosulphuric acid at the ordinary tem- 
perature, not less than twenty-four hours being necessary for 
complete precipitation : the precipitation is facilitated by gently 
heating the solution while the gas is being passed into it. The 
precipitate is pentasulphide of arsenic, As^S^ : it resembles As^S^ 
in colour and in behaviour to solvents ; but its solution in an 
alkali contains an alkaline arsenate as well as a sulpharsenate, 
(As2S5 -f 40KH= AsS^K^H + AsO^K^H + SH^). If the acidified 
solution of an arsenate be heated with sulphurous acid, until the 
«mell of the latter has entirely disappeared, the arsenic acid is 
reduced to arsenious acid (AsO^H^ + S03H2= AsHO^Hs + ^0^B}\ 
which is precipitated by hydrosulphuric acid much more speedily 
than arsenic acid. In order to effect a complete reduction, 
the treatment with sulphurous acid must be continued for some 
hours. When As*S^ is dissolved in ammonia, nitrate of silver 
added, and the whole exactly neutralised with nitric acid, a 
reddish-brown precipitate is formed: As^S^ when similarly treated, 
gives a yellow precipitate. With nitrate of silver a neutral 
arsenate gives a reddish-brown precipitate of AsO^Ag^ : with 
^Mlpkate of copper, a pale greenish-blue precipitate of AsCHCu^H: 
^™^h lime-water a white precipitate : all soluble in nitric acid and 
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ammoniacal salts. With sesquisalts of iron and uranium it gives a 
yellowish-white precipitate, with Zeae^-salts a white precipitate, 
whose behaviour to reagents resembles that of the corresponding 
phosphates. Arsenate of lead, however, when heated on charcoal 
before the blowpipe, does not crystallise on cooling : in the inner 
flame it is reduced to metallic lead, while the smell of arsenic 
vapours is distinctly perceived. With molybdate of ammonium, 
and sulphate of magnesium^ ammonia, and chloride of ammonium^ 
the reactions of arsenic acid precisely resemble those of phosphoric 
acid (pp. 58, 60), Arsenic acid is always estimated as arsenate 
of magnesium and ammonium, AsO^Mg^NH^: in this case the 
precipitate must be dried in the water-bath and weighed as AsO* 
Mg*NH^+-^H20; for if it be ignited, as directed for the corre- 
sponding phosphate, a loss would ensue from the volatilisation of 
a portion of the arsenic. When a solution of an arsenate or arsenite 
acidified with hydrochloric acid is heated to boiling with hypo- 
sulphite of sodium, tersulphide of arsenic is precipitated (2 AsO^H^ 
+ 3S203Na2 = As^S^ + SSO^Na^ ^ 30H2)._ Vohl. (Ann. Ch. 
Pharm. xcvi. 238.) In Marsh's apparatus, arsenates, like 
arsenites, evolve arsenide of hydrogen. 

Distinction and separation of arsenic and arsenious acids, — 
Arsenic acid is completely precipitated by a mixture of ammonia, 
chloride of ammonium, and a soluble magnesium-salt, while 
arsenious acid' is not precipitated at all by this reagent: hence all 
the arsenic acid may be removed from a solution as arsenate of 
magnesium and ammonium, and the filtrate acidified with hydro- 
chloric acid, and saturated with hydrosulphuric acid, when, if 
arsenious acid be present, yellow As^S^ is precipitated. Arsenious 
acid reduces terchloride of gold : arsenic acid does not. In those 
arsenates which are only soluble in acids (which therefore, cannot 
be precipitated by a magnesium-salt), the arsenic acid is detected 
by neutralising the solution as nearly as possible with ammonia, 
and adding acetate of sodium and a very little sesquichloride of 
iron, when sesquiarsenate of iron is precipitated. 

Arsenic acid is distinguished from phosphoric acid by its pre- 
cipitation from an acid solution by hydrosulphuric acid. The 
arsenate of magnesium and ammonium, and the sesquiarsenate of 
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iron are distinguished from the corresponding phosphates by 
their evolving arsenide of hydrogen in Marsh's apparatus, and by 
their behaviour before the blow-pipe (p. 87). 

Sulphides op Arsenic. — The two principal sulphides of arsenic 
correspond to its two oxides ; tersulphide, As^S^ corresponding 
to As^O^, and pentasulphide, As^S^ to As^O*. These sulphides, 
like the oxides, are capable of forming acids perfectly analogous 
to the oxygen acids, the oxygen being replaced by sulphur: thus, 
As*S^ forms sulpharsenious acid, AsHS^H^, analogous to arse- 
nious acid, AsHO^H^; and As^S* forms sulpharsenic acid, AsS^H^, 
analogous to arsenic acid, AsO^H'. Alkaline salts of these acids 
are formed when the sulphides are dissolved in alkaline sulphides. 
These sulpho-salts are decomposed by mineral acids, the arsenic 
being reprecipitated as sulphide, and hydrosulphuric acid being 
evolved — (2AsS4K3+6ClH=As2S5+6ClK+3SH2; and 2AsH 
S3K2+4ClH=As2S3+4ClK+3SH«). 

When either sulphide of arsenic is fused, even in the smallest 
quantity, in a glass tube with cyanide of potassium, a ring of 
metallic arsenic is formed in the tube. Sulphocyanate of potassium 
is thus formed, together with a sulpharsenic salt, which latter is 
not decomposed by cyanide of potassium : hence all the arsenic 
present cannot be reduced and volatilised in this manner. If the 
sulphide of arsenic be mixed with excess of sulphur, the whole 
of the arsenic goes to form a sulpharsenic salt, and no metallic 
deposit is obtained. The presence of certain easily reducible 
metals (copper, lead, iron, nickel, cobalt, silver, gold — but not 
bismuth or antimony) hinders the formation of a metallic depo- 
sit on fusion with cyanide of potassium. When As^S^ is fused 
with an alkaline carbonate in a glass tube, a ring of me- 
tallic arsenic is obtained, and the fused mass contains a mix- 
ture of an alkaline arsenate andsulpharsenate(5As2S^=3As2S*H- 
AsSand 3As2S« + 120KH=3AsS4K2H-f3AsO*K2H-h3SH2.) If 
this mixture of arsenate and sulpharsenate be heated in a stream 
of hydrogen, or in contact with charcoal, the arsenic contained 
in the arsenate is reduced to the metallic state, but not that con- 
tained in the sulpharsenate. Hence no metallic deposit is obtained 
by fusing As^S*, or As^S^ mixed with sulphur, with an alkaline car- 
lyiionate. In this manner As^S^ may be distinguished from As^gs^ 
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In order to employ the above reactions of the tersulphide of 
arsenic with an alkaline cyanide or carbonate for the detection of 
very small traces of arsenic (as in judicial investigations), the 
following is the best method of proceeding:—! part of As^S^ 
(which must not contain any free sulphur) is dried and mixed 
with 12 parts of a perfectly dry powder, consisting of 1 part 
cyanide of potassium and 3 parts carbonate of sodium, and 
the mixture introduced by means of a slip of stiff paper into a 
tube of hard glass 9 or 10 inches long, which is drawn out at one 
end. to a thin open point about an inch in length. The tube is 
then connected by the end not drawn out with an apparatus in 
which carbonic anhydride is generated by the action of hydro- 
chloric acid on marble, and a slow stream of carbonic anhydride, 
previously dried by passing through strong sulphuric acid, led 
through the tube. The mixture in the tube is first gently heated, 
in order to expel all moisture from it ; the tube is then heated to 
redness, between the mixture and the pointed end, and finally tho 
mixture itself is strongly ignited ; when a ring of metallic arsenic 
will be deposited at the commencement of the point. It is of im- 
portance that all moisture should be expelled from the mixture 
before it is ignited, and that the stream of carbonic anhydride 
should be very slow. Sulphide of antimony gives no metallic 
deposit under these circumstances. — Fresenius andBabo. 

Blowpipe reactions, — When any arsenic compound is heated on 
charcoal (either alone or with carbonate of sodium and cyanide of 
potassium) in the inner blowpipe flame, the characteristic garlic 
smell is at once perceived, by which the smallest trace of arsenic 
may be detected. 

Arsenic may be completely separated from all metals whose sul- 
phides are not volatile, by heating the mixed sulphides or oxides 
in a stream of hydrosulphuric acid. 

The detection of arsenic is one of the easiest, and at the same 
time one of the most important problems, in analytical chemistry. 
The volatility of all its compounds, its exceedingly easy reduction 
to the metallic state, coupled with its characteristic smell, its 
complete precipitation by hydrosulphuric acid from an acid solu- 
tion, the formation of arsenide of hydrogen when any arsenic com- 
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pound is brought in contact^with zinc and sulphuric acid, form an 
ensemble of reactions which in completeness and precision, are 
equalled by those of few other metals. 

Estimation of Arsenic. — Arsenic is best estimated as arsenate of 
magnesium and ammonium (see p. 85). 

2. Antimony. Sb. Atomic weight, 120. 

Found in nature generally as sulphide, in combination with 
other metallic sulphides, as the protosulphides of lead and iron, 
tersulphide of arsenic, and subsulphide of copper. It is a very 
lustrous metal, of a bluish -white colour ; very brittle and easily 
powdered. At the ordinary temperature it is not affected by the 
air : when strongly heated it volatilises entirely, forming white 
fumes of antimonous oxide, which are destitute of smell. It is 
scarcely attacked at all by hydrochloric acid, even on boiling: 
aqua-regia dissolves it readily, forming terchloride of antimony : 
nitric acid converts it into a mixture of antimonous and antimonic 
anhydrides, insoluble in nitric acid, soluble in tartaric acid. By 
fusion of an antimony compound with nitrate of potassium, the 
antimony is entirely oxidised to antimonic acid. Chlorine attacks 
antimony violently at the ordinary temperature, with great evolu- 
tion of heat, forming volatile ter- or penta-chloride of antimony, 
Cl^Sb or Cl^Sb, according to the proportions of antimony and 
chlorine employed. All sulphur compounds of antimony are soluble 
in hot concentrated hydrochloric acid, with evolution of hydrosul- 
phuric acid, and (in the case of compounds containing more sulphur 
than Sb^S^) with separation of sulphur. 

Oxides of Antimony. Antimonic Oxidcy Sb^O^ ; Antimonic An- 
hydride, Sb^O^ ; Intermediate Oxide, Sb^O®. — Antimony is less 
closely analogous to phosphorus and the non-metallic elements 
than arsenic is. Its highest oxide combines with water and forms 
an acid, antimonic acid; but the acid properties of the lower oxide 
are less clearly defined ; for, though under certain circumstances 
it appears to be capable of forming antimonites, it is generally met 
with in salts in which antimony plays the part of a base. 

a. Antimonic Oxide. Antimonous Anhydride. Sb^O^. — A 
white powder, which when heated fuses to a yellow mass, and at 
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a red heat sublimes entirely, forming crystalline needles. It is 
very sparingly soluble in water: soluble in tartaric acid: nitric 
acid oxidises it into insoluble antimonic anhydride, or into the 
intermediate oxide, Sb^O® : hydrochloric acid dissolves it readily, 
forming terchloride, CPSb. The best solution in which to study 
the reactions of antimony-salts in the wet way is one of Cl^Sb, in 
which the precipitate produced by dilution is redissolved in hydro- 
chloric acid. Antimony-salts are very unstable : they are decom- 
posed by water, with precipitation of a white insoluble basic salt. 
Tartaric acid prevents this decomposition. Hydrosulphuric acid 
precipitates the whole of the antimony as tersulphide, Sb'-^S^, of an 
orange-red colour, soluble in alkaline sulphides and in caustic 
potash, slightly soluble in ammonia, insoluble in acid carbonate or 
sulphite of ammonium. A neutral dilute solution of tartar-emetic 
(tartrate of antimony and potassium) is only coloured orange by 
hydrosulphuric acid: on addition of hydrochloric acid, Sb^S^ is pre- 
cipitated. Caustic potash precipitates Sb'-^O^, soluble in excess: 
ammonia and alkaline carbonates precipitate Sb^O^ insoluble, or 
very slightly soluble, in excess : oxalic acid gradually precipitates 
all the antimony as Sb^O^ Tartaric acid prevents the precipitation 
in all these cases. Chromic add oxidises an acid solution of Sb^O^ 
into antimonic acid. Terchloride of gold is reduced by SbCl^: anti- 
monic acid generally separates out together with the metallic gold* 
By this reaction Sb^O*^ may be estimated in presence of antimonic 
acid. With a solution of antimonic oxide in potash, terchloride of 
gold snd nitrate of silver give black precipitates, the latter of which 
is insoluble in ammonia. These are the most delicate reactions for 
the detection of Sb^O', and distinguish it perfectly from antimonic 
acid. Metallic zinc, iron, and tin, immersed in terchloride of an- 
timony, give a black precipitate of metallic antimony. With zinc 
and dilute sulphuric acid (in Marsh's apparatus), terchloride of 
antimony, or any antimony compound except the sulphides, evolve 
gaseous antimonide of hydrogen, SbH^, an inflammable gas, very 
closely resembling AsH^. Like AsH^ it is decomposed by passing 
through a glass tube heated to redness in one spot, and a ring of 
metallic antimony is deposited in the cool part of the tube. This 
is less volatile than the arsenic deposit : when heated it fuses into 
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small shining globules before volatilising, which are visible 
through a magnifying glass, and no garlic smell is produced. If 
the antimony deposit be heated in a stream of hydrosulphuric acid, 
it is converted into sulphide of antimony, of a black, or partly 
orange, colour ; which, when heated in a stream of hydrochloric 
acid gas, completely disappears, being decomposed into hydrosul- 
phuric acid and volatile terchloride of antimony. If SbH^ be 
kindled, and a fragment of porcelain introduced into the flame, 
metallic stains are deposited, which are blacker and less shining 
than those of arsenic, and are insoluble in hypochlorite of sodium. 
Nitric acid does not dissolve them, but converts them into an in- 
soluble mixture of antimonic oxide and anhydride. If the excess 
of acid be gently evaporated the residue gives a black precipitate 
with ammonio-nitrate of silver. When exposed to moist chlorine, 
they disappear, like the arsenic stains : but a drop of nitrate of 
silver dropped on the place where they were gives only a white 
precipitate. A drop of nitric and of hydrochloric acid dissolves 
them completely, and when the excess of acid is carefully driven 
off by evaporation, the solution gives an orange precipitate with 
hydrosulphuric acid. When moistened with sulphide of ammonium 
and evaporated, they become orange. When led into hot concen- 
trated nitric acid, SbH^ gives a white precipitate of antimonic 
acid, which, after evaporation of the free acid, and treatment with 
hot water, remains insoluble. When led into nitrate of silver, all 
the antimony is precipitated as black antimonide of silver, SbAg^* 
b. Antimonic Anhydridey Sb20^ — A yellow powder, which on 
ignition loses oxygen and becomes white, being converted into 
antimonous-antimonic oxide, Sb*0®. In combination with 
water it forms antimonic acid, a white powder, insoluble in 
water. Antimonic acid seems to exist under two modifications, 
which very closely resemble each other, and so are distinguished 
with much difficulty. The first, of which the potassium-salt is 
obtained by heating antimony with nitrate of potassium, is 
insoluble in water and in ammonia, soluble, though not readily, in 
hydrochloric and tartaric acids, and partially precipitated from 
the hydrochloric acid solution by water. The second, {metanti- 
monic acid) is obtained by the precipitation of pentachloride of 
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antimony bjr water, or by the fusion of an alkaline antimonato 
with excess of caustic alkali : it is gradually soluble in ammonia, 
and in a large excess of cold water, and is precipitated from these 
solutions by acids. Metantimonate of potassium serves as a 
reagent for the detection of sodium, metantimonate of sodium 
being difficultly soluble in water, and insoluble in alcohol. In an 
aqueous solution it is gradually converted into ordinary anti- 
tnonate of potassium, which does not precipitate sodium-salts, and 
is precipitated by chloride of ammonium. 

A hydrochloric acid solution of antimonic acid is precipitated 
as orange pentasulphide, Sb^S^ by hydrosulphuric acid: this pre- 
cipitate forms somewhat more slowly than Sb^S^. With fer- 
ehloride of gold and oxalic acid it gives no precipitate : when 
beated with chloride of tin it is reduced, and antimonic oxide 
precipitated : protosalts of iron do not reduce it. A solution of 
antimonate of potassium gives with nitrate of silver a yellowish- 
white precipitate of antimonate of silver, readily soluble in am- 
monia. With terchloride of gold it gives no precipitate. 

c By the ignition of antimonic acid or anhydride, an oxide, 
Sb*0®, ia formed, intermediate between Sb^O^ and Sb^O*. It may 
be regarded as a compound of 1 atom antimonic oxide, with 1 atom 
antimonic anhydride (Sb*0®=Sb*03 + Sb20^); or as antimonate 
of antimony (SbCHSb). It is the best form in which to determine 
antimony : for the product obtained by the oxidation of the sul- 
phides of antimony, itself not constant in composition, is entirely 
converted by ignition into Sb*0®. 

Distinction of the Oxides of Antimony from each other, — 
Bunsen (Ann. Ch. Pharm. cvi. 1.) states that Sb^O* may be dis- 
tinguished from Sb^O® and Sb^O* by means of hydriodic acid. 
When either Sb*0^ or Sb^O* are heated with pure iodide of 
potassium and hydrochloric acid, iodine is set free, and a dark 
coloured solution formed; when Sb^O^ is similarly treated, a 
yellow solution is formed, no iodine being liberated. The ter- 
iodide being the highest iodine compound of antimony, in the case 
of the two higher oxides there must be more iodine liberated 
than is capable of combining with the antimony (Sb20*-+-10IH=: 
2PSb + I*H-50H«), while with Sb^O^ the amount of iodine 
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liberated is exactly what is requisite to combine with the anti- 
mony (Sb203 + 6IH=2PSb + 30H2). Sb^O^ is distinguished from 
Sb*0® and Sb^O^ by the fact that the two lower oxides reduce 
ammoniacal nitrate of silver, giving a brown or black precipitate, 
while Sb*0* has no reducing action. 

Sulphides op Antimony. — The two most important sulphides 
of antimony are Sb^S^ and Sb^S^ corresponding to Sb^O^ and 
Sb^O* respectively. They are both orange-yellow, insoluble in 
dilute hydrochloric acid, soluble in nitric or strong boiling 
hydrochloric acid. They are both soluble in alkaline sulphides, 
forming sulphantimonites and sulphantimonates, sulpho-salts 
entirely analogous to those of arsenic : the solution is decomposed 
by hydrochloric acid, and the sulphide reprecipitated. 

Blowpipe reactions, — All antimony compounds, (except the 
sulpho-salts) when heated on charcoal before the blowpipe with 
cyanide of potassium or carbonate of sodium, give a brittle 
globule of metallic antimony, which may be volatilised entirely 
by continued heat, and, if it contain no arsenic, evolves no smell 
of garlic : at the same time the charcoal is covered with a white 
deposit of Sb^O^ which, when heated, volatilises readily. The 
compounds of the oxides or sulphides of antimony with a fixed 
alkaline base are entirely decomposed and volatilised by repeated 
ignition with chloride of ammonium, a fixed alkaline chloride being 
left behind. 

Separation of Antimony from Arsenic, — The presence of 
arsenic in metallic antimony is easily detected by the garlic smeU 
that is evolved when the metal is heated before the blowpipe. 
Sulphide of antimony must be reduced to the metallic state by 
fusion with carbonate of sodium and cyanide of potassium: in 
examining commercial sulphide of antimony, it is best to operate 
only on the residue which is left after treating a considerable 
quantity of the finely powdered sulphide with strong hydrochloric 
acid. From a freshly precipitated mixture of the sulphides of the 
two metals, all the sulphide of arsenic may be removed by 
digestion with carbonate of ammonium, while the sulphide of 
antimony remains undissolved. The two metals may also be 
detected in presence of each other by the different reactions (given 
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above) of the metallic deposits obtained by means of Marsh's 
apparatus. The first spots deposited by a solution containing 
both metals consist of pure arsenic. The presence of a small 
amount of antimony does not prevent the complete solution of an 
arsenic spot in hypochlorite of sodium. 

For the complete quantitative separation of arsenic and anti- 
mony, the following is the best method. The two metals, their 
sulphides, or their oxides, are completely dissolved in aqua-regia, 
or in hydrochloric acid and chlorate of potassium : to the solution 
is added tartaric acid, chloride of ammonium, and excess of 
lunmonia. If any precipitate be produced, it must be dissolved 
in more tartaric acid or chloride of ammonium. The arsenic acid 
is then completely precipitated by sulphate of magnesium, as 
AsO^Mg^NH*, thoroughly washed with dilute ammonia, dried in 
a water-bath, and weighed. The antimony is then precipitated 
from the acid solution by hydrosulphuric acid. 

Bun sen (Ann. Ch. Pharm. cvi.) states that the sulphide of 
arsenic may be separated from that of antimony by acid sulphite 
of potassium, which dissolves the sulphide of arsenic, but not that 
of antimony. He proceeds as follows. To the solution of the sul- 
phides in sulphide of potassium, a large excess of aqueous sulphurous 
acid is added, and the whole evaporated in the water-bath, till § 
of the water, and all the free sulphurous acid are expelled : when 
the sulphide of antimony remains undissolved, while all the 
arsenic is contained in the solution as arsenious acid, and may be 
precipitated by hydrosulphuric acid. If sulphide of tin be 
present, it will be left undissolved together with the sulphide of 
antimony. 

Another method, founded on the insolubility of metantimonate 
of sodium, will be described under the head of Tin (p. 98). 

Antimony is frequently found in minerals in the form of 
sulphide, combined with one or more basic metallic sulphides. 
The methods employed for the separation of the antimony, vary 
in different cases. In zinkenite (sulphide of antimony and copper) 
and bournonite (sulphide of antimony, copper, and lead) the 
finely poi^dered mineral is oxidised by nitric acid, the solution 
jsaturated with potash, and digested with yellow sulphide of 
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potassium : or the mineral is fused with three parts dry carbonate 
of sodium and two parts sulphur, in a covered porcelain crucible, 
and the fused mass, when cool, digested in hot water : when, in 
either case, the sulphide of antimony is dissolved, while the 
sulphides of copper and lead remain behind. Red silver-ore 
(SAg^S, Sb^S^) is decomposed by heating in a current of chlorine, 
when the antimony and sulphur are volatilised as chlorides, while 
chloride of silver remains behind. Commercial sulphide of anti- 
mony, when finely powdered, is soluble in fuming hydrochloric 
acid, or more easily in aqua-regia. 

Bunsen (loc. cit.) recommends that antimony be always esti- 
mated as Sb^O^. Fuming nitric acid may be employed for the 
oxidation of the sulphide ; but he prefers fusing the sulphide, freed 
from excess of sulphur by washing with bisulphide of carbon, with 
oxide of mercury, a large excess of which must be used, in order 
to avoid the risk of explosion. By ignition the excess of oxide 
of mercury is expelled, and the antimony left -in the form of 
Sb^Qs. 

3. Tin. Sn. Atomic weight, 118. 

Generally found in nature in the form of binoxide, as tin-stone. 
Tin is a white, malleable, easily fusible metal : it is not affected 
by exposure to the air at the ordinary temperature ; but, when 
heated in the air, it becomes covered with a film of stannic oxide. 
It is soluble in hot hydrochloric acid, with evolution of hydrogen, 
and formation of chloride of tin, Cl^Sn : in aqua-regia, with forma- 
tion of perchloride of tin, Cl^Sn: nitric acid converts it into 
stannic oxide, insoluble in the acid: heated in contact with 
chlorine it forms volatile Cl*Sn. 

Oxides of Tin. Stannous OxidCy or Protoxide of Tin, SnOi 
Stannic Oxide, or Binoxide of Tin, SnO^. — Stannous oxide has 
no acid properties : in all stannous salts the tin is basic. Stannic 
oxide exhibits acid properties, forming two definite hydrates, 
which are weak acids. 

a. Stannotis Oxide, Protoxide of Tin, SnO. — A blackish- 
brown powder, which, when heated in contact with the air, take9 
fire, and is converted into binoxide. Stannous hydrate is white ) 
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it dissolves in acids, forming protosalts of tin, or stannous salts. 
These salts are colourless : those which are neutral are partially 
precipitated by water : they absorb oxygen from the air, forming 
white binoxide, which is precipitated if there be not enough free 
acid present to hold it in solution. The best solution in which 
to study the reactions of protosalts of tin, is the chloride, Cl^Sn. 
Hydrosulphuric acid, or sulphide of ammonium gives a dark- 
brown precipitate of sulphide of tin, SnS, which, by digestion 
with an alkaline sulphide, is converted into bisulphide, SnS^, and 
80 dissolved: the addition of hydrochloric acid to the solution 
precipitates yellow bisulphide. Ammonia and alkaline carbonates 
give a white precipitate of hydrate, insoluble in excess : the 
hydrate is soluble in excess of potash, and a brownish precipitate 
separates on boiling the solution. Chloride of tin is a very 
powerful reducing agent: it absorbs oxygen from the air and 
from water : it reduces sesquisalts of iron to protosalts, salts of 
copper to subsalts, chromic acid to chromic oxide. It reduces 
the metal from the salts of many of the heavy metals : (c) with 
terchloride of gold, an acid solution of chloride of tin gives a 
purple precipitate (in very dilute solutions a purple tinge only) 
insoluble in hydrochloric acid: with chloride of mercury, it gives 
a white precipitate of subchloride, which, if chloride of tin be in 
excess, and heat applied, is further reduced to grey metallic 
mercury. When heated with sulphurous acid, yellow bisulphide 
and white binoxide of tin are formed (6CPSn-h2S03H2+40H2 
=6Sn02 + SnS2+12ClH). 

b. Stannic Oxide or Anhydride, Binoxide of Tin, SnO^. — 
A white powder, which, after ignition, has a yellowish tinge : it 
is then insoluble in water and acids, especially in nitric acid. 
By Ignition with excess of chloride of ammonium, it may be 
volatilised completely. Like antimonic anhydride, it appears to 
exist in two modifications, each of which forms a definite hydrate, 
which differ very considerably in several of their reactions. Each 
of these hydrates is an acid ; and, since one of them saturates a 
larger proportion of base than the other, we may call that which 
has the highest capacity of saturation stannic, the other, meta^ 
sianniCf acid. Stannic acid is obtained as a white precipitate 
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when perchloride of tin, Cl^Sn, is treated with ammonia, or 
largely diluted with water and heated. It is soluble in hydro- 
chloric acid, the solution is not precipitated by acids, and the 
presence of tartaric acid prevents its precipitation by ammonia. 
Carbonate of potassium gives an abundant white precipitate, 
soluble in excess of the reagent : gallic acid gives no precipitate. 
Metastannic acid is the insoluble white compound produced by 
the action of strong nitric acid on metallic tin : it can only be 
dissolved in hydrochloric acid by long boiling and addition of 
water. Its solution is entirely precipitated by sulphuric acid, or 
by ammonia, even in presence of tartaric acid. Carbonate of 
potassium gives a white precipitate, insoluble in excess ; gallic 
acid, after some time, gives a yellowish- white precipitate. Both 
stannic and metastannic acids are precipitated from their hydro- 
chloric acid solutions on boiling, especially in presence of alkaline 
sulphates : the precipitation is the more speedy the less free acid 
is present. Both are completely soluble in caustic potash or soda. 
Both are precipitated from their acid solution by hydrosulphuric 
acid (especially when gently heated) as yellow bisulphide of tin, 
SnS^ which is readily soluble in alkaline sulphides, less readily 
in caustic alkalis ; and by ignition in the air^ is converted into 
binoxide. 

There is no difficulty in detecting stannous salts in presence 
of stannic salts ; the reactions with terchloride of gold and 
chloride of mercury, and the brown colour of the sulphide, SnS, 
are sufficient to detect even the smallest traces of stannous oxide. 

Sulphides of Tin. — The sulphide of tin, SnS, corresponding 
to the protoxide, does not possess acid properties, and does not 
combine with alkaline sulphides to form sulpho-salts. It is true 
that it is dissolved by digestion with an alkaline sulphide, but 
this is in consequence of its conversion into bisulphide, which is 
precipitated on the addition of hydrochloric acid. Bisulphide of 
tin, SnS^, does combine with alkaline sulphides, forming sulpho- 
stannates. 

Blowpipe reactions. — All tin compounds, when heated on char- 
coal with carbonate of sodium and cyanide of potassium^ yield a 
malleable metallic globule, without any incrustation on the char- 
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coal. This globule, when dissolved in hydrochloric acid, gives a 
white precipitate with chloride of mercury, which becomes grey 
when heated. 

Separation of Tin from Arsenic. — Tin is distinguished from 
arsenic and antimony by its forming no gaseous compound with 
hydrogen, so that no metallic deposit can be obtained from a tin 
compound by means of M a r s h ' s apparatus. Hence the presence 
of arsenic in metallic tin is readily detected by treating the granu- 
lated metal with sulphuric acid (without zinc) in Marsh's appa- 
ratus. In a mixture of the sulphides of arsenic and tin, the arsenic 
is volatilised with a garlic smell when the sulphides are heated 
before the blowpipe on charcoal with carbonate of sodium and 
cyanide of potassium, while a malleable metallic globule of tin is 
left, without any incrustation on the charcoal. Or the sulphides 
may be dissolved in hydrochloric acid and chlorate of potassium, 
and the solution, after expelling by heat the excess of chlorine, 
tested by M ars h 's apparatus. A complete and accurate separation 
of tin from arsenic is effected by heating their sulphides or oxides 
in a stream of hydrosulphuric acid, when the sulphide of arsenic 
volatilises entirely, while the sulphide of tin remains behind. 
The sulphide of arsenic is collected in aqueous ammonia, tho 
solution saturated with hydrochloric acid, which reprecipitates the 
sulphide, which is then oxidised by the addition of chlorate of 
potassium and heating, without filtration ; and the arsenic acid 
thus formed, precipitated as arsenate of magnesium and ammo- 
nium, dried and weighed. The sulphide of tin is converted into 
binoxide by ignition in the air, and weighed. 

Separation of Tin from Antimony. — Tin is detected in pre- 
sence of antimony by oxidising the two metals, or their sulphides, 
by nitric acid, and boiling the oitides (after thoroughly washing 
them) with tartaric acid, which dissolves the oxide of antimony 
alone ; the residual binoxide of tin is reduced to the metallic 
state by fusion with cyanide of potassium and carbonate of sodium, 
dissolved in hydrochloric acid, and tested with chloride of mer- 
cury. Or both the oxides may be reduced to a metallic globule 
by fusion with cyanide of potassium and carbonate of sodium, 
and the globule heated on charcoal in the inner blowpipe fiame 
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when the antimony is volatilised, forming a white incrustation 
on the charcoal, while a malleable globule of tin remains behind. 
An accurate quantitative separation of tin and antimony can only 
be effected by the process described in the following section. 

Separation of Tin from Arsenic and Antimony, — ^A qualita- 
tive separation of these metals may be effected by digesting. the 
freshly precipitated mixed sulphides with a solution of carbonate 
of ammonium, which dissolves all the sulphide of arsenic together 
-with a little of the sulphide of tin. The arsenic is detected by 
reprecipitating the sulphide from this solution by hydrochloric 
acid, and reducing it by heating with cyanide of potassium in a 
stream of carbonic anhydride ; or dissolving it in as little aqua- 
regia as possible, and testing the solution by Marsh's process* 
The sulphides insoluble in carbonate of ammonium are dissolved 
in hydrochloric acid to which a little chlorate of potassium has 
been added, and the solution treated with zinc and sulphuric acid 
in a small Marsh's apparatus ; when the antimony is detected by 
the metallic deposit obtained, which must be identified by the re- 
actions given above. The tin is found in the Marsh's apparatus 
as a black metallic powder, which is separated by levigation from 
the undissolved zinc, dissolved in hot hydrochloric acid, and the 
solution tested with chloride of mercury. 

The only process by which a complete quantitative separation 
can be effected, is that given by H. Rose, which is founded on 
the insolubility of metantimonate of sodium. The mixed sul- 
phides are oxidised by nitric acid, evaporated to dryness in a 
water-bath, and the residue fused in a silver crucible with eight 
times its weight of solid caustic soda. The fused mass^ when 
cool, is digested in hot water until the undissolved* portion is 
in the form of a finely divided powder : about ^ its volume of 
alcohol added to the solution, and the whole allowed to stand for 
twenty-four hours, with occasional stirring. The precipitate, 
which contains all the antimony as metantimonate of sodium, is 
then filtered off, and washed successively with mixtures contain- 
ing 3 vols, water and 1 vol. alcohol, 1 voL water and 1 vol. alco- 
hol, and 1 vol. water and 3 vols, alcohol, to which a little car- 
bonate of sodium has been added : the washing is continued as 
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long as hydrosulphuric acid gives the slightest yellow colour with 
the wash-water. The alcoholic filtrate, which contains all the 
arsenic and tin as arsenate and stannate of sodium, is saturated 
with hydrochloric acid, which produces a copious precipitate : 
and the acid solution, in which the precipitate is suspended, is 
saturated i;^th hydrosulphuric acid, and the precipitated sulphides 
filtered off. The filtrate is heated till all the alcohol and free hydro- 
sulphuric acid are expelled, treated with sulphurous acid, and again 
saturated with hydrosulphuric acid, which generally precipitates a 
little more tersulphide of arsenic. The mixed sulphides of arsenic 
and tin are then heated in a current of hydrosulphuric acid, as 
described page 97, and the arsenic estimated as arsenate of mag- 
nesium and ammonium, AsO*Mg*NH-*+^H*0, and the tin as bin- 
oxide. The precipitate of metantimonate of sodium is dissolved 
in a mixture of hydrochloric and tartaric acids, and the antimony 
precipitated as sulphide from the acid solution by hydrosulphuric 
acid. The composition of the sulphide not being constant, the 
antimony cannot be determined directly from the weight of the 
sulphide. To estimate the antimony, a weighed portion of the 
sulphide is oxidised by nitric acid, until all the sulphur is con- 
verted into sulphuric acid, which is then precipitated by chloride 
of barium, and the antimony calculated from the weight of sul- 
phate of barium obtained. Or a weighed portion of the sulphide 
is reduced by heating in a stream of hydrogen, and the residual 
metallic antimony weighed. Or the sulphide may be converted 
into Sb^O® by ignition with oxide of mercury, and weighed in 
that form.. 

This process gives accurate results when carefully performed : 
but it is difficult to avoid loss from spirting during the fusion 
with soda, a process which is also injurious to the silver crucible. 
To obviate these inconveniences. Dr. Williamson has proposed 
to employ hypochlorite of sodium to oxidise the sulphides, instead 
of soda. The sulphides are dissolved in as little sulphide of sodium 
as possible, enough soda added to neutralise exactly all the acids 
that will be formed, and the whole boiled with excess of hypochlo- 
rite of sodium. Or chlorine may be passed at once into the hot 
alkaline solution, until complete oxidation be effected. When 
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performed with care, this method of oxidation is perfectly satis- 
factory. 

Vohl (Ann. Ch. Fharm., xcvi. 237) states that tin may be 
separated from arsenic and antimony by treating their hydro- 
chloric acid solution with hyposulphite of sodium; when antimony 
and arsenic are completely precipitated as sulphides, while all the 
tin remains in solution. 

4. Crold. Au. Atomic weight, 196. 

Gold is generally found native; occasionally in combinatioiv 
with other metals. It is a soft, yellow, very heavy metal, com- 
bining with oxygen with great difficulty. It is insoluble in hydro- 
chloric, sulphuric, or nitric acid : (nitric acid containing nitrous 
acid dissolves it slightly :) it is soluble in aqua-regia, forming a 
solution of terchloride of gold, AuCP. Finely divided gold is 
dissolved with ease by gaseous chlorine or chlorine-water. 

Oxides of Gold. Protoxide^ Au^O. Teroxidcy Au^O'. 

a. Protoxide of Gold, Aurous Oxide, Au^O. — A dark violet 
or black powder, which separates on the addition of a small 
quantity of subnitrate of mercury to terchloride of gold. It is 
insoluble in oxygen acids: soluble in aqua-regia: hydrochloric acid 
decomposes it into terchloride and metallic gold. Its correspond- 
ing chloride, AuCl, is similarly decomposed by water* On igni- 
tion aurous oxide loses its oxygen, leaving metallic gold.. 

b. Teroxide of Gold, Auric Oxide, Au^O^. — A brownish- 
black powder, which very readily parts with its oxygen when 
heated. It is insoluble in nitric or sulphuric acid, unless very 
concentrated, and then but very slightly soluble: hydrochloric 
acid dissolves it readily, forming terchloride. A solution of ter- 
chloride of gold gives, with hydrosulphuric acidy a dark brown 
precipitate of tersulphide, Au^S^ soluble in aqua-regia, in sulphide 
of ammonium (with difficulty), insoluble in nitric acid. Caustic 
potash gives no precipitate, unless it contains organic matter, 
when it separates some protoxide (Rose): ammonia gives a 
reddish-yellow precipitate of fulminating gold. Gold is reduced 
from a solution that does not contain free nitric acid, by most 
other metals, even by platinum, silver, and mercury. The same 
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reduction is effected more readily by the following reagents, 
especially on heating : protosalts of irof^ (when excess of hydro- 
chloric acid must be present, to prevent the formation of an 
insoluble basic iron-salt), a hydrochloric acid solution of arsenious 
acidy terchloride of antimonyy sulphurous aeid, oxalic acid, a 
solution of sugar in potas}i, and many other organic substances. 
(AuC13 + 3SO^Fe2 = Au4-S30i2Fe4+Fe2C13 ; 2AuC\^-\-3C^Om^ 
=Au^-f6C02+6ClH.) The reduced gold is generally precipi- 
tated as a brown or reddish-purple powder, which assumes a 
yellow metallic appearance when rubbed with any hard sub- 
stance, (c) A solution of chloride of tin, to which enough 
hydrochloric acid has been added to form a clear solution, gives 
a purple colour or precipitate, even in the most dilute gold solu- 
tion ; this precipitate (purple of Cassius) is insoluble in hydro- 
chloric acid, but, when freshly precipitated, is soluble in ammonia, 
forming a purple solution. 

Blowpipe reactions. — When heated on charcoal wuth borax or 
carbonate of sodium in the inner ilame, gold compounds yield a 
yellow, very malleable globule of metallic gold. 

Separation and estimation of Gold. — The detection of gold is 
attended with no difficulty, owing to the ease with which it is 
reduced to the metallic state. In many cases the reduction is 
quite complete, as for instance vrith protosalts of iron ; so that 
this reagent is generally employed for the estimation of gold. In 
the analysis of a solution containing gold and other metals, it is 
better to remove the gold by protosulphate of iron before passing 
hydrosulphuric acid : otherwise, owing to the imperfect solubility 
of sulphide of gold in sulphide of ammonium, some difficulty may 
arise in its subsequent detection. In the analysis of ores which 
contain very little gold (e.g. pyrites), the gold is removed by 
digestion with chlorine-water (or chloride of lime and hydro- 
chloric acid), and precipitated from the concentrated solution by 
arsenious acid. Silver coins frequently contain traces of gold, 
which are left as a black powder when the coin is dissolved in 
nitric acid. Gold may also be separated from silver and copper 
by boiling in concentrated sulphuric acid. 
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5. Platinum. Ft Atomic weight, 99. 

Is found both native and in combination with other metals. It 
is a grey, soft, very heavy metal, whose tendency to combine with 
oxygen is even less than that of gold. When pure it is not at all 
attacked by nitric, hydrochloric, or sulphuric acids: when 
alloyed with other metals {e, g, silver),* it is somewhat soluble in 
nitric acid. Aqua-regia dissolves it, forming bichloride of plati- 
num, PtCR Platinum is not fusible at the strongest heat of a 
furnace. When heated with caustic alkalis it is attacked and 
oxidised : and when heated with easily reducible metallic oxides 
(e. g, oxide of lead) it forms an easily fusible alloy with the 
reduced metal. Substances of this kind, therefore, must not be 
fused in platinum crucibles. 

OxroES OP Platinum. Protoxide^ Pt^O. Binoxidey Pt^O^. 

a. Protoxide of Platinum. Platinous Oxide, Pt'^O. — Its hy- 
drate is precipitated as a black powder by potash from a solution 
of protochloride of platinum, PtCl. When ignited it is first con- 
verted into the anhydrous oxide, and then into metallic platinum, 
giving off oxygen. The protochloride is obtained by heating the 
bichloride, PtCl^ : it is a brown powder, which, when free from 
bichloride, is insoluble in water : hydrochloric acid dissolves it, 
without access of air, as PtCl ; with access of air, as PtCl*. 
Protochloride of platinum is soluble in potash or soda : alcohol 
precipitates the whole of the platinum from this solution in a 
finely divided state (platinum-black). The solution of proto- 
chloride of platinum is dark-brown. Its most characteristic 
reaction is with ammonia^ with which it gives a green crystalline 
precipitate of PtClNH^ insoluble in cold water or alcohol : the 
supernatant liquid is colourless. 

b. Binoxide of Platinum, Platinic Oxide, Pt^O^. — Its hydrate 
is precipitated with a reddish-brown colour on the first addition 
of potash to nitrate of platinum. When ignited it loses water 
and then oxygen, leaving metallic platinum. The corresponding 
chloride, PtCP, is obtained by dissolving platinum in aqua-regia, 
and driving off the excess of acid by heat : towards the end of the 
operation a water-bath must be used, since the bichloride is de- 
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composed at a higher temperature, with formation of protochloride. 
It is a dark-brown syrupy liquid, readily soluble in water and 
alcohol, forming a reddish yellow solution, which, if any proto- 
chloride be present, has a dark-brown colour, (c) Ammonia and 
potash give with an acid solution of bichloride of platinum (with 
a neutral solution chloride of ammonium or potassium must be 
used), a yellow crystalline precipitate of chloroplatinate of ammo- 
nium, PtCPNH^, or of potassium, PtCPK. These precipitates are 
insoluble in acids, but soluble in excess of alkali : the solution of 
chloroplatinate of ammonium in ammonia gives a white precipitate 
with hydrochloric acid : they are almost insoluble in water, quite 
insoluble in alcohol. They serve for the detection and separation 
of platinum, as well as of potassium and ammonium. The chloro- 
platinate of ammonium is converted by ignition into spongy 
platinum : platinum is always estimated in this form. The chloro- 
platinate of potassium is not entirely reduced by ignition : but 
when heated with oxalic acid or in a stream of hydrogen, it is 
completely decomposed into chloride of potassium (which may be 
dissolved out by water), and spongy platinum. Sodium forms an 
analogous compound, PtCPNa, which is soluble in water. Iodide 
of potassium gives a dark red solution, whence biniodide of plati- 
num, PtP, separates on heating. Hydrosulphuric acid gives a 
dark brown precipitate of bisulphide of platinum, Pt^S^, which 
forms very slowly : it is soluble in sulphide of ammonium and 
aqua-regia, insoluble in nitric acid. Chloride of tin gives a dark 
brown-red colour, but no precipitate. Platinum is not so easily 
reduced from its salts as gold is. Protosalts of iron do not reduce 
terchloride of platinum, neither does, oxalic acid: formic acid re- 
duces metallic platinum on heating, if the free acid be neutralised 
with carbonate of sodium. 

Blowpipe reactions, — All platinum compounds are reduced to 
spongy platinum in the inner 6ame, giving no coloured beads 
with borax or microcosmic salt. The spongy platinum cannot be 
fused into a globule before the blowpipe. 

Separation and estimation of Platinum, — ^Platinum is separated 
from most other metals by its absolute insolubility in nitric or 
hydrochloric acid. From gold it is readily distinguished and 

B 4 
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separated by its reaction with chloride of ammonium or potassium. 
Since hydrosulphuric acid precipitates platinum very slowly, it is 
better, in analysing a solution containing platinum and other 
metals, to remove the platinum by chloride of potassium before 
passing hydrosulphuric acid. 

6. Zridimn. Ir. Atomic weight, 98*6. 

Is always found in platinum-ores. It resembles platinum in appear- 
ance : is even more difficultly fusible than platinum : is insoluble in 
nitric, hydrochloric, or sulphuric acid, or in aqua-regia. If it be alloyed 
with excess of platinum, aqua-regia dissolves it to a certain extent. 

Oxides or Iridium. — ^There are four oxides of iridium, of which the 
most important is the hinoxide, Ir^O'. The corresponding bichloride, 
IrCP, is prepared by dissolving in aqua-regia the black powder (sesqui- 
oxide of iridium, lr*0^), obtained by igniting the metal with nitrate of 
potassium, or hydrate and chlorate of potassium. The bichloride is also 
formed when a mixture of iridium and chloride of sodium is gently 
heated in a current of chlorine : if iridium alone is heated in chlorine, 
protochloride, IrCl, is formed. The aqueous solution of bichloride of 
iridium has a dark brownish-red colour. With potash^ it gives a reddish- 
brown precipitate of chloriridate of potassium, IrCl'K, soluble in excess 
of potash to a light-green solution, which, when heated, becomes first 
colourless, then red, and finally violet-blue, and a blue precipitate of 
hydrated binoxide of iridium separates .gradually as the solution is eva- 
porated. The colourless potash solution is reduced when heated with 
alcohol, finely divided iridium being precipitated. With chloride of ant' 
monium, it gives a brownish-red precipitate of chloriridate of ammonium, 
IrCl^NH*, and a colourless solution, which is coloured blue by heat or 
by exposure to the air. With nitrate of silver it gives a dark- blue pre- 
cipitate, which rapidly becomes colourless : this is a compound of sesqui* 
chloride of iridium and chloride of silver, Ir^Cl^Ag^. With subnitrate of 
mercury^ a brownish-yellow precipitate of Ir^Cl^Hg^. Hydrostdphuric 
acid decolorises bichloride of iridium, separating sulphur, and forming 
sesquichloride of iridium, whence brown bisulphide, Ir*S^, gradually 
separates. Chloriridate of ammonium is converted by hydrosulphuric acid 
into soluble sesquichloriridate, Ir^Cl*(XH*)'. When terchloride of iri- 
dium is heated with formic acid, metallic iridium is slowly reduced. 

For the separation of iridium from platinum^ see article Platinum-ores, 
in Part IV. p. 237. 

7. IXTolfram or Tnngrsten. W. Atomic weight, 92. 

Occurs in nature as tungstic acid, tungstate of iron and manganese 
(wolfram), and tungstate of calcium (tungsten). It is a very heavy, 
hard, and difficultly fusible metal : at the ordinary temperature it is not 
affected by exposure to the air, but at a red heat it is oxidised into tungstic 
anhydride, W^O^. Its behaviour to acids is as yet imperfectly known. 

OxjDBB OF WoLFKAM. TuTigstic oxidc, W^O^. Tufigstic anhydride^ 
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W^O*. — There is another oxide, W'*0^ intermediate between these two 
oxides : it is of a blue colour, and is generally spoken of as the blue 
oxide. Some regard it as a tungstate of wolfram : apparently it is a 
compound of tungstic anhydride and tungstic oxide. All lower oxides 
of wolfram are converted into tungstic anhydride by heating in the air or 
with nitric acid. 

a. Tungstic Oxide. Brown Oxide of Wolfram, \V*0^. — A brown 
powder, insoluble in acids or alkalis, obtained by heating tungstic 
anhydride in a stream of hydrogen, or by fusing tungState of potassium 
with chloride of ammonium. 

b. Tungstic Anhydride^ W^O*. — A soft, lemon-yellow powder, not 
volatile at any heat, insoluble in water and acids. It combines with 
water, forming a white compound, W*0*H^ which possesses acid pro- 
perties. This is tungstic acid : it combines with basic metals, forming a 
class of salts called tungstates. The alkaline tungstates are soluble in 
water : those of the other metals are insoluble. Tungstic acid is pre- 
cipitated from the solution of a tungstate by nitr jp, hydrochloric, or sul- 
phuric acid, and is insoluble in excess of the acid : non-volatile poly- 
basic acids (phosphoric, tartaric) precipitate it also, but the precipitate 
is soluble in excess of the reagent: hence the presence of excess of 
phosphate of ammonium prevents its precipitation by acids. When 
tungstic acid or a tungstate is brought into contact with hydrochloric, 
sulphuric, phosphoric, or acetic acid, and metallic zinc, a deep-blue 
colour is produced, owing to the reduction of tungstic acid to the blue 
oxide. Hydrosulphuric acid does not precipitate sulphide of wolfram 
from an acid solution, but produces a blue colour, owing to the formation 
of the blue oxide. Sulphide of ammonium does not precipitate a solution 
of an alkaline tungstate, till hydrochloric acid is added, when brown bi- 
sulphide, W^S', is precipitated, and the solution is coloured blue. Sul- 
phide of wolfram is soluble in sulphide of ammonium. Chloride of tin 
gives with an alkaline tungstate a yellow precipitate, which, on addition 
of hydrochloric or sulphuric acid, and gentle heating, becomes blue. If 
excess of the tin-salt be used, the colour is greenish. Suhnitraie ofmer^ 
cury gives a yellowish-white precipitate, which is blackened on the 
addition of ammonia. 

Blowpipe reactions, — Tungstic acid is not chanrred when heated alone 
in the oxidising flame : in the reducing flame it is blackened. With borax 
all oxides of wolfram give a colourless bead in the outer flame : in the 
inner flame, a yellow bead, which becomes darker on cooling. With 
microeosmic salt they give a colourless bead in the outer flame : in the 
inner flame, a blue bead, which the presence of iron changes to a blood- 
red. The addition of tin changes the red bead to blue or green. When 
heated on charcoal with carbonate of sodium and cyanide of potassium, 
they are reduced, and the wolfram may be separated as a grey metallic 
powder by levigating the charcoal. 

Separation and estimation of Wolfram, — For the analysis of the 
mineral wolfram, or any other insoluble tungstate, the substance is re- 
duced to an impalpable powder, and digested with ac^\i«L-T^^\'ai >C^ \\. Sj^ 
.completelj decomposed, evaporated to dryness m IYiq v««X«tAi^x)Ki^ ^^-^ 
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the metallic chlorides formed dissolved out with acidulated water. The 
residual tungstic acid (which also contains a little silicic and niobic acids) 
is washed with alcohol, and treated with ammonia, which dissolves the 
tungstic acid, leaving the silicic and niobic acids undissolved. These are 
filtered off, the filtrate evaporated and ignited, when pure tungstic an- 
hydride is obtained. Another method is to fuse three parts of the finely 
powdered mineral with two parts of carbonate, and half a part of nitrate 
of potassium in a platinum crucible, by which process the tungstic acid is 
entirely converted into tungstate of potassium, which is dissolved out by 
water, and separated by filtration from the insoluble oxides. The filtrate 
is nearly neutralised with nitric acid, and precipitated by subnitrate of 
mercury, a few drops of ammonia being added to neutralise the free 
nitric acid. The precipitate is thoroughly washed, (first with water, and 
lastly with a very dilute solution of subnitrate of mercury), and Ignited, 
when tungstic anhydride is obtained. Insoluble tungstates may also be 
decomposed by heating with concentrated sulphuric acid, or by fusion 
with acid sulphate of potassium. 

Wolfram is always estimated as tungstic anhydride, in which form it is 
usually separated. 

8. Molybdeniun. Mo. Atomic weight, 48. 

Occurs in nature principally as sulphide of molybdenum and as molyb- 
date of lead. It is a silver-white metal, very difficultly fusible, and 
slightly malleable. It is not affected by exposure to the air at the ordi- 
nary temperature : but when heated in contact with air it becomes first 
brown, then blue, and finally white, passing through various stages of 
oxidation till it is converted into molybdic anhydride, Mo'O^. It is 
insoluble in hydrochloric acid : nitric acid or aqua-regia convert it into 
molybdic acid if sufficient nitric acid be present; if not, nitrate of 
molybdenum is formed. 

Oxides op Molybdenum. Protoxide, Mo'O. Binoxide, Mo^O*. 
Molybdic Anhydride^ Mo*0'. — The oxides of molybdenum correspond 
with those of wolfram. There is also a blue oxide of molybdenum, 
Mo^O^, intermediate between the binoxide and the anhydride. 

a. Protoxide of Molybdenum, Molybdous Oxide, Mo^O. — A black 
powder, obtained by digesting molybdic anhydride with a quantity of 
hydrochloric acid not sufficient to dissolve it, and with metallic zinc. It 
is insoluble in acids. The hydrate, MoHO, is formed when an alkaline 
molybdate is dissolved in hydrochloric acid and reduced by zinc. It is a 
black powder, soluble in acids, forming molybdous salts. It absorbs 
oxygen readily from the air : when heated in contact with air it takes 
fire, and is converted into molybdic anhydride. When heated out of 
contact with the air it is converted into molybdous oxide, insoluble in 
acids. 

b. Binoxide of Molybdenum, Molybdic Oxide, Brown Oxide. Mo'O*. 
— A brown powder, obtained by fusing an alkaline molybdate with 
chloride of ammonium, and treating the fused mass with water : or*by 
reducing molybdic anhydride by hydrogen, at a moderate temperature. 

J^ is Insoluble ia acids. The hydrate is precipitated by ammonia firom 
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an aqaeoos solution of bichloride of molybdenum. It is also brown, 
soluble in acids, forming molybdic salts : slightly soluble in water. By 
ignition out of contact with the air, it is converted into molybdic oxide. 

Molybdous and molybdic salts resemble each other very closely in 
their reactions. Both form dark-brown solutions, which become blue on 
exposure to the air, from which sulphide of molybdenum is slowly pre- 
cipitated by hydrostdpkuric acid. The best reagent for distinguishing 
them is carbonate of potassium^ which precipitates the hydrate both from 
molybdous and molybdic salts ; but in the former case the precipitate is 
difficultly soluble in excess of the reagent, while in the latter it is readily 
soluble. Both the lower oxides of molybdenum, as well as the sulphide, 
are converted into molybdic anhydride by ignition in the air. 

c. Molybdic Anhydride^ Mo^O'. — A white crystalline powder, slightly 
soluble in water, soluble in acids and in alkalis. When ignited in a 
covered vessel, it fuses to a yellow liquid, which on cooling forms a light 
yellow crystalline mass, much less soluble in acids than before ignition. 
When heated in the air it sublimes at no very high temperature into 
crystalline needles. It combines with water, forming a white compound, 
^ifo^O^H^ which has acid properties. This is molybdic acid: it is bibasic, 
and combines with metals, forming a class of salts called molybdates. 
The alkaline molybdates are soluble in water : most others are insoluble. 
Citric or hydrochloric acid precipitates molybdic acid from a solution 
of a molybdate ; the precipitate is soluble in excess of acid. Metallic 
zinc immersed in the nydrochloric acid solution, produces a blue colour, 
which gradually becomes green, and finally dark- brown, owing to the 
reduction of the molybdic acid to molybdous .hydrate, which remains 
dissolved in the hydrochloric acid. Hydrosvlphuric acid gradually pre- 
cipitates sulphide of molybdenum from an acid solution of molybdic acid : 
the supernatant liquid has a blue or green colour. The same precipi-* 
tate is produced when an aqueous solution of an alkaline molybdate is 
saturated with sulphide of ammonium or hydrosulphuric acid, and hydro- 
chloric acid added to it. Chloride of tin gives with an alkaline molyb- 
date a greenish-blue precipitate, which hydrochloric acid dissolves to a 
frreen solution : if very little chloride of tm be used, the solution is blue. 
Subnitraie of mercury gives a yellowish precipitate, soluble in nitric acid, 
blackened by ammonia, (c) When molybdate of ammonium is mixed 
with a small quantity of a phosphate or arsenate^ excess of nitric acid 
added, and the whole heated, a yellow solution and a yellow precipitate 
are formed (p. 60). 

BUnopipe reactions. — Molybdic anhydride, when heat-ed on charcoal 
in the outer flame, is volatilised, and forms a white crystalline sublimate 
on the charcoal; in the inner flame, it may be reduced (even without 
carbonate of sodium) to metallic molybdenum, which is separated as a 
crey powder on levigating the charcoal. With borax all oxides of molyb- 
denum give, in the outer flame, a bead which is yellow when hot, and 
colourless on cooling : in the inner flame, a dark-brown bead, which is 
opaque if excess of molybdenum be present. By long continued heat 
the molybdic oxide may be separated as dark-brown flaxes, swLmcKi\w.^vcw 
a clear yellow glass. With microcosmic salt^ in t\ie ou\.€t ^%m^^\)2^Q^v^^^ 
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of molybdenum give a bead which is greenish when hot, and colourless 
on cooling : in the inner flame, a clear green bead, from which moljbdic 
oxide cannot be separated by continued heat. 

Separation and estimation of Molybdenum. — For the extraction of 
molybdic acid from minerals, various processes are employed. Sulphide 
of molybdenum (molybdenite) is converted into molybdic anhydride 
by ignition in an open crucible, placed in a slanting position over the 
lamp, the anhydride is then dissolved out with ammonia. If the sulphide 
in lumps is heated in an open glass tube, through which a stream of air is 
drawn by an aspirator, molybdic anhydride sublimes in crystals in a state of 
perfect purity. (Wohler. Ann. Ch. Pharm.,'c.) Molybdate of lead is 
finely powdered, and freed from carbonates of zinc, iron, and calcium by 
digestion with dilute hydrochloric acid, and thoroughly washed by decan- 
tation. It is then heated with 14^ part concentrated sulphuric acid, with 
constant stirring, till it is perfectly white, and the sulphuric acid begins to 
evaporate. It is then allowed to cool, and a considerable quantity of water 
added, and the sulphate of lead which remains insoluble filtered off. The 
filtrate is mixed with nitric acid, and evaporated with constant stirring in 
a porcelain basin, till the sulphuric acid begins to evaporate, when the mo- 
lybdic acid separates as a white powder : it is freed from phosphoric acid 
by washing with water, to which at the last a few drops of nitric acid have 
been added. Or the mineral, after treatment with dilute hydrochloric 
acid, may be evaporated to dryness with strong hydrochloric acid : the 
dry residue (containing basic chloride of lead and molybdic acid) is ex- 
hausted with ammonia, and the ammoniacal solution crystallised, or eva-' 
porated as before with nitric acid, and treated with water. Or the 
mineral is fused with its own weight of calcined tartrate of potassium, 
the fused mass exhausted with water, and the aqueous solution evapo- 
rated to dryness after saturation with nitric acid. The nitrate of potas- 
sium is dissolved out of the residue with water, and molybdic acid remains 
behind. For the estimation of molybdenum, the molybdic aeid is dissolved 
in dilute ammonia, and the solution precipitated by subnitrate of mercury : 
the precipitate is thoroughly washed with a dilute solution of the sub- • 
nitrate, dried, and ignited at a moderate heat in a stream of hydrogen, 
when it is reduced to brown binoxide of molybdenum, Mo*0-, and weighed 
in that form. 

There is so close a resemblance between the reactions of molybdenum 
and wolfram compounds, that their distinction is attended with some 
difficulty. Molybdic acid is distinguished from tungstic acid by its fusi- 
bility and volatility, and by its solubility in excess of acid when precipitated 
by nitric or hydrochloric acid from an alkaline solution. For the separa- 
tion of the two acids Rose gives the following method. Tartaric acid is 
added to the alkaline solution of the two acids, and the whole saturated 
with hydrochloric acid. The molybdenum is then precipitated as sulphide 
by repeated saturation with hydrosulphuric acid (a long and difficult 
process), the sulphide filtered off, and gently ignited in a stream of hydro- 

fen till it no longer loses weight. It is then in the form of bisulphide, 
lo^S^, and is weighed as such. The filtrate is evaporated to dryness 
snd the residue ignited in the air t if the residue be at all black (owing 
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to the carbon of the tartaric acid not being entirely burnt) it must be 
fused ivith a little nitrate, and excess of carbonate, of potassium. The 
fused mass is dissolved in water, the tungstic acid precipitated by subni- 
trate of mercury, ignited, and weighed. The same process which effects the 
separation of antimony from arsenic and tin, serves also for its separation 
from wolfram and molybdenum, the alkaline tungstates and moiybdates 
being soluble in water. From arsenic they are separated by con- 
verting the arsenic into arsenic acid, and precipitating it by a magnesium- 
salt. 

9. Vanadinm. V. Atomic weight, C8'5. 

Occurs as vanadate of lead in the brown lead-ore from Zimapan : in small 
quantities in many iron-^ and copper-ores, and in the slags from blast- 
furnaces. It is a white hard metal, that may be reduced to an iron-grey 
powder. It is not oxidised by exposure to moist air at the ordinary tem- 
perature, but acquires a reddish tint. Heated in the air it burns vividly, 
and is converted into black oxide, V^O^ It is not attacked by sulphuric, 
hydrochloric, or hydrofluoric acid : nitric acid and aqua-regia dissolve it 
readily, forming a light-blue solution. 

Oxides of Vanadium. Protoxide, VO. Binoxide, VO^. Vanadic 
Anhydride, V*0^. — Like wolfram and molybdenum, vanadium forms one 
or more oxides intermediate between V^O* and VO*, which are soluble 
in water with a blue, green, or orange-red colour. 

a. Protoxide of Vanadium, Vanaaous Oxide. VO. — A black powder, 
obtained by heating vanadic anhydride in a stream of hydrogen. When 
heated in the air it is converted into binoxide. It does not combine 
either with acids or alkalis ; but on digestion with nitric acid or potash 
it absorbs oxygen and is dissolved, in the former case giving a light blue 
solution, in the latter, a solution of vanadate of potassium. 

b. Binoxide of Vanadium, Vanadic Oxide, Vanadous Anhydride. 
V*0'. — A black earthy powder, obtained by heating vanadium or the 
protoxide in contact with air. It is slowly but perfectly soluble in acids, 
forming vanadium-salts ; their -solutions are blue, and by exposure to the 
air absorb oxygen and become green. It is also soluble in fixed alkalis, 
forming vanadites. Vanadium-salts give the following reactions. Hy- 
dronUphuric acid gives no precipitate in a neutral or acid solution.'" Sul^ 
phide of ammonium gives a black-brown precipitate, soluble in excess to 
a dark purple-red solution, whence brown sulphide of vanadium is pre- 
cipitated by a dilute acid. Ferrocyanide of potassium give a yellow pre- 
cipitate, insoluble in acids, which turns green by exposure to the air. 
Gallic acid gives a black precipitate, which settles slowly, leaving a bluish 
solution. The Jixed alkalis and their normal carbonates give a greyish- 
white precipitate of hydrate, soluble in moderate excess, reprecipitated 
by a large excess as an alkaline vanadite. Ammonia gives a brown pre- 
cipitate, somewhat soluble in water, insoluble in water containing ammonia. 

* Though vanadium, like wolfram, is not precipitated from an acid solution 
by hydroflolphuric acid, it is nevertheless included in this ^ow^^ \^^^^\v»j^ \\.<^ 
sulphide is soluble in sulphide of ammonium, tbrmm^ Oi «\]\'^o-^^\.^ ^xl\ \^ 
precipitate^} from tbia solution by hydrochloric acid. 
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Only the alkaline vanadites are soluble in water. Tbeir solution gives 
with sulphide of ammonium a fine purple-red colour, owing to the formation 
of a soluble sulpho-salt. By adds they are coloured blue, owing to the 
formation of a double salt of vanadium and the alkaline metal. Insoluble 
vanadites, when moistened with water, rapidly become green, being con- 
verted into vanadates. 

c. Vanadic Anhydride^ VO'. — A red powder, obtained by the igni* 
tion of vanadate of ammonium. It is fusible, non-volatile, and does not 
lose oxygen at a white heat. It is slightly soluble in water : the solution, 
which contains vanadic acid, reddens litmus strongly. It dissolves both 
in acids and alkalis, in the former case forming vanadic salts^ in the latter, 
vanadates. Its solution in acids is generally red or yellow : it is very 
easily reduced by hydrosfdphuric, stdphurous, or oxalic acid, sugar, alcohol^ 
and many other organic compounds, the solution being coloured blue. 
Sidphide of ammonium precipitates brown sulphide, soluble in alkaline 
sulphides, or caustic alkdis, to a purple-red solution, whence light-brown 
sulphide of vanadium is precipitated by dilute acids. Ferrocyanide of 
potassium gives a green precipitate, insoluble in acids. 

Vanadates are mostly soluble in water, all in nitric acid. Alkaline 
vanadates are difficultly soluble in water containing free alkali or an 
alkaline salt : thus vanadate of ammonium is insoluble in a saturated 
solution of chloride of ammonium. Aqueous solutions of vanadates are 
coloured red by stronger acids, but the colour frequently disappears after 
a time. Hydrosulphuric acid in neutral solutions gives a mixed precipitate 
of sulphur and bihydrate of vanadium : in acid solutions, it separates 
sulphur and gives a blue solution. Sulphide of ammonium behaves as 
with vanadic salts. Terchhride of antimony, lead-salts^ protosalts of copper 
and of mercury, give orange-red precipitates. Vanadates of a fixed base 
are not decomposed by heat. 

Blowpipe reactions, — When vanadic anhydride is heated on charcoal 
in the inner flame, it is reduced to protoxide. With borax and microcos* 
mic'Scdt, all oxides of vanadium give in the outer flame a clear colourless 
bead, which is yellowish if a large amount 6f the vanadium compound be 
present: in the inner flame a green bead, which, if a large amount of the 
vanadium compound be present, is brown while hot, and becomes green on 
cooling. On heating the green bead in the outer flame, it becomes colour- 
less or slightly yellow. A blue bead cannot be obtained before the blow- 
pipe with an oxide of vanadium. 

Separation and estimation of Vanadium. — To extract vanadium from 
iron-ore, the powdered mineral is fused for an hour at a red heat with 
one third its weight of nitrate of potassium, the fused mass when cool 
boiled with water and filtered. The filtrate, which is yellow, contidns 
vanadate, chromate, phosphate, nitrite, and silicate of potassium and 
aluminium : it is nearly neutralised with nitric acid, the precipitated silica 
and alumina filtered ofl', and the filtrate precipitated with excess of chloride 
of barium. The precipitate (of vanadate, chromate, and phosphate of 
barium) is washed, boiled while moist with dilute sulphuric acid, and 
iSJtered. The reddish-yellow acid filtrate is neutralised with ammonia, 
concentrated by evaporation, and a fragment of chloride of ammonium 
placed in it, when vanadate of ammotiium «Tadvx«!\\.^ ^€^^x^\ft»«& ^^^^Uow 
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crystalline powder, which, on ignition, leaves vanadic anhydride. Or the 
ycdlow solution may be at once reduced by sulphurous acid, neutralised 
by ammonia, the precipitated oxides digested in sulphide of ammonium, 
and the sulphide of vanadium precipitated from the solution by dilute sul- 
phuric acid : fusion with nitre then converts it into vanadate of potassium. 

Vanadate of lead is not completely decomposed by sulphuric acid : a 
complete separation is however effected by fusion with acid sulphate of 
potassium, and treating the fused mass with warm water, when all the 
lead remains as sulphate, while all the vanadium is dissolved as vanadate 
of potassium. 

Vanadium is separated from all the preceding metals, except, wolfram, 
by its non-precipitation by hydrosulphuric acid from an acid solution : 
from most of those in the next group, by the solubility of its sulphide 
in sulphide of ammonium. 

Vanadium is estimated as protoxide, obtained by igniting vanadic anhy- 
dride in a stream of hydrogen. To obtain vanadic acid from vanadous 
salts, vanadite of mercury is precipitated by adding excess of chloride of 
mercury and then ammonia : the precipitate, after ignition, consists of 
vanadic acid and a little oxide of mercury, from which it is freed by 
solution in carbonate of ammonium. From vanadates vanadic anhydride 
may be obtained by combining it with ammonia, and precipitating the 
vanadate of ammonium by chloride of ammonium, as above described. 

10. TeUvrlum. Te. Atomic weight, 128. 

Found native ; also as sulphide of tellurium : also in combination with 
gold, silver, lead, and bismuth. Tellurium much resembles antimony in 
appearance, being bluish-white, brittle, and easily powdered. It is easily 
fusible, and may be volatilised when heated strongly out of contact with 
air. AVben heated in the air it burns with a blue flame, forming white 
VMsours of tellurous anhydride, TeO'. It is insoluble in hydrochloric 
acid : soluble in nitric acid, forming tellurous anhydride : soluble in sul- 
phuric acid, forming an amethyst-red solution, which is decolorised by 
heat, and from which water precipitates metallic tellurium. Chlorine 
does not attack tellurium in the cold : when heat is applied, it forms either 
white perchloride, TeCl* or black chloride, TeCP, according to the pro- 
portions of chlorine and tellurium employed. 

Oxides op Tellurium. Tellurous Anhydride, TeO*. Telluric Anhy' 
dride, TeO». 

a. Tellurous Anhydride, Telluric Oxide, TeO^. — A white crystalline 
body, which separates gradually from a solution of tellurium in concen- 
trated nitric acid. It is almost insoluble in water, acids, ammonia, or 
alkaline carbonates ; soluble in potash and soda. When heated it melts 
to a yellow liquid : it may be volatilised, but requires a higher tempera- 
ture than metallic tellurium. It has acid properties, combining with 
water to form tellurous €und, TeO^H^. This acid is precipitated as a white 
amorphous body, when a freshly prepared solution of tellurium in nitric 
acid, or when perchloride of tellurium, is treated with water. It is some- 
what soluble in water, readily soluble in acids : \ta Vv^^ToOc\Q.\\a ^^^.\ 
solution when concentrated has a yellow colour •, \la ivvVn^i «k.c\^ ^v\\iX\«^ 
depodtf tellurous anhydride on heating. Tlie aW^AXw^ \,^>\x«\X.'i^ ^'^^ 
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soluble in water, most others are insoluble ; they are generally soluble in 
strong hydrochloric acid, and from this solution water precipitates tel- 
lurous acid, unless an excess of hydrodiloric acid be present. In this 
reaction tellurium resembles antimony and bismuth. When a tellurite 
is heated with charcoal and carbonate of potassium, it is reduced to tel- 
luride of potassium, TeK^ which produces a black stain on a moist silver 
plate, and is soluble in water^ formmg a dark red solution. When a mineral 
acid is added to this solution, hydroteUuric acid^ TeH^, is evolved, a gas 
resembling hydrosulphuric acid in smell, soluble in water to a pale-red 
solution, which on contact with the air becomes dark-red, and deposits 
metallic tellurium. A solution of tellurous acid in a mineral acid is pre- 
cipitated by water. Cadsiic alhalis, and alkaline carbonates give a white 
precipitate, soluble in excess. Hydrosulphuric acid precipitates brown 
bisulphide, TeS^ readily soluble in sulphide of ammonium. Sulphurotts 
acid, or alkaline svlphites^ give a black precipitate of metallic tellurium, 
especially on heating : the more concentrated the solution the more com- 
plete is the reduction. The same reduction is effected by chloride oftin^ 
and metallic zinc, 

b. Telluric Anhydride, TeO'.— A yellow crystalline mass, obtained 
by carefully heating telluric add, TeO*H''. It is insoluble in water, 
cold hydrochloric acid, boiling nitric acid, or a boiling dilute solution 
of potash. At a temperature very little above that required for its 
complete dehydration, telluric anhydride is decomposed into oxygen and 
tellurous anhydride. Telluric acid is prepared by fusing tellurous 
acid with nitrate of potassium, converting the resulting tellurate of 
potassium into the barium-salt, and precipitating' the barium by sul- 
phuric acid. It forms large colourless crystals, which are gradually 
soluble in water, insoluble in absolute alcohol : its aqueous solution is 
not precipitated by acids. The alkaline tellurates only are soluble 
in water. All tellurates may be dissolved in cold hydrochloric acid, 
without decomposition : the solution is not precipitated by water, as 
long as the least excess of hydrochloric acid is present. On boiling 
the solution, chlorine is evolved, and tellurous acid precipitated, which 
requires a considerable excess of hydrochloric acid for its solution. 
(Distinction of telluric from tellurous acid.) With a neutral solution of 
a tellurate, chloride of barium gives a white precipitate of tellurate of 
barium, soluble in nitric or hydrochloric acids. With sulphurous and hy- 
drosulphuric acids, acid solutions of tellurates behave like those of tel- 
lurites. Tellurates' also behave like tellurites when fused with charcoal 
and carbonate of potassium. Tellurates, when ignited, lose oxygen, and 
are converted into tellurites. 

Blowpipe reactions. — All compounds of tellurium are easily reduced 
on charcoal in the inner flame ; the reduced metal is volatilised, and 
forms a white deposit of tellurous anhydride on the charcoal. With 
borax and microcosniic salt, tellurous acid gives a clear colourless bead, 
which, heated on charcoal, is rendered grey and opaque by the reduced 
metal. The oxides of antimony and bismuth, when reduced on charcoal 
in the inner flame, give white incrustations of antimonic and bismuthic 
oxIdeSf which, may he confounded with tellurous anhydride. They are, 
however, easily distingoished in the foVVowm^ToawMjt. 'Wi^ii heated ia 
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the inner flame, antimonic oxide gives a bluish tinge, tellurous anhydride 
a fine green colour, to the outer flame. When heated in a tube open at 
both ends, tellurous anhydride volatilises entirely, forming a white sub- 
limate on the cool part of the tube, which, by careful heating, may be 
fused to colourless drops. Antimonic oxide is only partially volatilised, 
being partly converted into non- volatile Sb^O^ : the sublimate may be 
driven hither and thither in the tube by heat, but does not fuse into 
drops. Bismuthic oxide, when similarly treated, gives scarcely any sub- 
limate, but melts to a dark-brown fluid, which becomes pale-yellow on 
cooling, and corrodes the glass. 

Separation and esHmaiion of TeUurium.---The principal minerals in 
whicn tellurium is found, are graphic and foliated tellurium, and telluride 
of bismuth. The two former contain, besides tellurium, gold, silver, lead, 
traces of other metals, and sulphur. The following are the processes 
adopted for the separation of the tellurium. The powdered mineral is 
first freed from all its constituents that are soluble in dilute hydrochloric 
acid, and then digested in aqua-regia, which must only contain as much 
nitric acid as is absolutely necessary. When the mass has become white, 
sulphuric and tartaric acids are added, the former to precipitate all the lead, 
the latter to prevent the precipitation of the tellurous acid: twice the 
volume of water is then added, and the sulphate of lead filtered off. The 
gold is then precipitated from the filtrate by protosulphate of iron, and 
filtered ofl*: tne filtrate concentrated, and the tellurium precipitated from 
it bj an alkaline sulphite. Or the mineral, after treatment with dilute 
hydrochloric acid, is mixed with 2 parts acid sulphate of potassium, 
and the mixture projected by degrees into 6 parts acid sulphate of 
potassium, which is maintained in a state of fusion in a Hessian crucible. 
When the fused mass is quite white, it is poured off from the gold, which 
has settled at the bottom of the crucible, dissolved in water containing 
sulphuric acid, filtered from the sulphate of h^ad, the silver precipitated 
from the filtrate by hydrochloric acid and filtered off, and the tellurium 
precipitated by an alkaline sulphite. Telluride of bismuth is intimately 
mixed with three times its weight of calcined cream of tartar (acid 
tartrate of potassium), and exposed to a red heat in a closed crucible for 
an hour, when telluride of potassium is formed, and bismuth separated. 
The former is dissolved out by water which has been freed from air by 
boiling, and the dark-red solution gradually deposits all the tellurium on 
exposure to the air. Tellurium is separated from those metals whose 
chlorides are not volatile, by ignition in a stream of chlorine. Tellurium 
is separated from arsenic^ antimony, and tin by means of an alkaline sul- 
phite, which does not reduce any of these three metals. 

11. Selenlmn. Se. Atomic weight, 79. 

Found native : also as selenide of copper, iron, lead, mercury, silver, 
and other metals. It also occurs in many specimens of pyrites, which are 
used for the manufacture of sulphuric acid on a lar^e scale ; hence a 
sdeniferous deposit is formed in the leaden chambers in which the acid 
is prepared. It is a brittle dark-brown metal, with a daTk-^tc^ ^T^^\xijt^\ 
ui a findy divided state it is of a dark-red colour. It \a Net^ ^as^-^ ivis^'^'^ 

I 
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and may be drawn out into long threads, like sealing-wax : when further 
heated out of contact with air, it volatilises, forming a yellow vapour. 
When heated in the air it burns with a reddish-blue flame, forming 
selenous anhydride, SeO', and giving off a characteristic smell resem- 
bling that of horseradish. It is soluble, not very readily, in nitric acid 
and aqua-regia, selenous acid being formed. It is insoluble in hydro- 
chloric and dilute sulphuric acids : concentrated sulphuric acid dissolves 
it, forming a fine green solution, whence water precipitates selenium as a 
dark-red powder. It is somewhat soluble in potash, forming a dark-red 
solution. When heated in a stream of chlorine, liquid chloride, SeCP, or 
solid perchloride, SeCi*, is formed, according to the proportions of 
chlorine and selenium employed. When fused with metals it forms 
metallic selenides, closely analogous to metallic sulphides. When a 
metallic selenide is heated in an open glass tube, a sublimate of selenium 
is obtained. 

Oxides of Selenium. Selenous Anhydride^ SeO'. Selenic Anhydride^ 
Se08. 

a. Selenous Anhydride^ SeO*. — Sublimes in white crystalline needles 
when selenium is heated in a stream of oxygen, or when a solution of 
selenium in nitric acid or aqua-regia is heated, after the nitric and hydro- 
chloric acids have been distilled off. It is volatile ; its vapour has no . 
smell of horseradish. It is readily soluble in water, forming SeO'H', 
selenous acid^ which may be crystallised from l^e aqueous solution. It is 
also soluble in alcohol. The normal alkaline selenites are soluble in 
water ; most others are insoluble ; all acid selenites are soluble (Rose). 
Selenites are not decomposed when heated with hydrochloric acid, and no 
chlorine is evolved. Hydrosulpkuric add gives with an acid solution of 
a selenite (or with a solution of selenous acid)« a lemon-yellow precipitate 
of bisulphide of selenium, SeS^, readily soluble in sulphide of ammonium. 
Metallic selenium is reduced as a red powder from a solution of selenous 
acid or a solution of a selenite acidulated with hydrochloric acid, by 
alkaline sulphites^ chloride ofiin^ metallic zine and iron: but not hjprotO' 
sulphate of iron. The reduction is facilitated by heat, when the reduced 
metal becomes black. When a solid selenite is heated with chloride of 
ammonium out of contact with the air, a sublimate of metallic selenium 
is obtained. 

b. Selenic Anhydride^ SeO'. — This compound has never been obtained. 
An aqueous solution of selenic acid^ SeO*H*, can be obtained from the 
selenate of potassium which is formed by the fusion of selenium or a 
selenite with nitrate of potassium. Selenic acid cannot be obtained 
in a state of perfect purity ; for when its aqueous solution is concentrated 
by evaporation, it is decomposed above 280° into oxygen and selenous 
acid, before all the water can be driven off (Gmelin). The concen- 
trated aqueous solution is transparent, colourless, and strongly acid. 
The selenates are very stable salts, and closely analogous to the sulphates. 
They are all soluble in water, except those of barium, strontium, calcium, 
and lead, which are insoluble in water or cold dilute acids. When a 
selenate is boiled with hydrochloric acid, chlorine is evolved, and the salt 

js converted into a selenite (distinction of selenic from selenous acid). 
Hence an indigo solution is deco\onsedN?\veii\i^«Xft^V\\\i«. «&lenate and 
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hydrochloric or sulphuric acid. An acid solution of a selenate is not 
precipitated by hydrosvlphvric * or sulphurous acid, unless it has been 
previously decomposed by boiling with hydrochloric acid. With nitrate 
of barium^ a solution of a selenate gives a white precipitate of selenate of 
barium, insoluble in water and dilute acids : boiling hydrochloric acid 
dissolves it, by decomposing it into soluble selenite. Selenates behave 
like selenites when heated with chloride of ammonium. 

Blowpipe reactions, — All selenium compounds when heated with 
carbonate of sodium on charcoal in the inner flame, may be at once 
recognised by their characteristic smell of horseradish. They evolve the 
same smell when heated with microcosmic salt on charcoal. If a small 
quantity of a selenit^ or selenate be added to a clear bead of silica and 
carbonate of sodium, and the whole heated on charcoal in the inner flame, 
the bead is coloured dai^-red by reduced selenium : the colour disappears 
on continued heating. The residue of the reduction of selenium com- 
pounds by carbonate of sodium, is selenide of sodium ; if it be placed on a 
dean silver surface and moistened with a drop of water, a black stain is 

E reduced on the silver. Heated with acids it evolves hydroselenic acid, 
ieH^, analogous to hydrosulphuric acid: it is an inflammable, fetid, 
poisonous gas, very soluble in water, from which solution metallic sele- 
nium gradually separates on exposure to the air. It precipitates selenides 
from many metallic salts. 

Separation and estimation of Selenium. — For the analysis of the sele- 
niferous deposit in sulphuric acid chambers, which, besides selenium, 
contains selenide of mercury, selenites and selenates, sulphate of lead, 
silica, &c., the following method is adopted : — The substance is mixed 
with about 4 its weight of nitrate of potassium, and heated with a mix- 
ture of equal parts of sulphuric acid and water, till all the free nitric acid 
18 expelled and the substance has lost its red colour. Water is then 
added, and the whole filtered. The filtrate (which contains all the sele- 
nium as selenites and selenates, copper, iron, mercury, and. some lead) 
is boiled with as much chloride of sodium as amounts to half the weight 
of the original substance, in order to reduce the selenic to selenous acid : 
the solution, when cold, is poured off from the residue, and saturated with 
sulphurous anhydride, which separates the selenium; the separation is 
facilitated by boiling the solution for a short time. The mother-liquid is 
again boiled with hydrochloric acid, and saturated with sulphurous an- 
hydride, when a fresh precipitate of selenium is generally obtained. The 
selenium thus reduced contains some iron, copper, lead, and mercury. 
From the three former metals it is freed by distillation, they being left 
behind as selenides : from the latter by solution in aqua-regia, saturation 
(after the free acid has been expelled) by carbonate of sodium, evapora- 
tion to dryness and ignition of the residue. The residue is then dissolved 
in water, boiled with hydrochloric acid, and precipitated by sulphurous acid. 
The amount of selenium in selenide of lead is determined by heating 
the mineral in a stream of chlorine, when the selenium volatilises as 
chloride and perchloride, while chloride of lead remains behind. The 

* If the base of the selenate he a metal of this grou^, \V> Sa ^x^^'^xxaX^^ ^& 
tnlphide bj hydrosulphuric acid, 
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chlorides of selenium are collected in water and saturated with chlorine, 
to convert all the selenous into selenic acid, which is precipitated by 
nitrate of barium as selenate of barium, dried, and weighed. 

Selenium is separated together with tellurium from arsenic^ antimony^ 
and tin^ by means of an alkaline sulphite. To separate it from tellurium 
the reduced metals are oxidised by nitric acid or aqua-regia in excess^ 
excess of carbonate of sodium added, the whole evaporated to dryness, 
and the residue fused. It is then dissolved in water, and nitrate of 
barium added, when all the selenium is precipitated as selenate of barium, 
while tellurate of barium remains dissolved (Hose). 



Oronp I.— Siibdivision B. 

1. IJead. Pb. Atomic weight, 103*5. 

Occurs chiefly as galena, or sulphide of lead : also as car- 
bonate and other oxygen salts, in which lead is the base. It is 
of a bluish-grey colour and strong metallic lustre : extremely soft 
and malleable. It is not aflected by exposure to dry air ; in 
moist air it becomes covered with a grey film. When heated to 
fusion (325°) in the air, the yellow oxide, Pb^O, forms on the 
surface. Pure water in contact with air dissolves a certain por- 
tion of lead in the form of hydrate : the presence of carbonic 
acid in the water prevents this solution. Lead is not dissolved 
by hydrochloric or sulphuric acid in the cold, and very slightly 
on heating: nitric acid dissolves it readily, especially when some- 
what dilute. Heated in chlorine, lead is converted into chloride, 
PbCl. Out of contact with air lead is volatile at a white heat. 

Oxides op Lead. Oxide, Pb^O. Binoxide, Pb^O^. 

a. Oxide of Lead, Plumbic Oxide, Pb^O. — A yellow powder, 
which becomes somewhat darker when heated; obtained by fusing 
lead in contact with air, or by igniting the hydrate, carbo- 
nate, oxalate, or nitrate of lead. It is somewhat soluble in pure 
water; the solution is alkaline to litmus, and highly poison- 
ous : it is insoluble in water containing carbonic acid, a sulphate, 
or a chloride. Its best solvents are nitric and acetic acids. 
Lead-salts of uncoloured acids are colourless : the solutions of nor- 
mal salts redden litmus : it has a great tendency to form basic 
salts, whose solutions are alkaline to test-paper. Hydrosulphuric 
acid and sulphide of ammonium give with lead-salts a black preci- 
pitate of sulphide, Pb^S, insoluble in dilute acids, alkalis, and 
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alkaline sulphides, converted into sulphate by strong nitric acid. 
If a large excess of hydrochloric acid be present, the precipitate 
is reddish-brown, consisting of a mixture of sulphide and chloride 
of lead. Insoluble lead-salts are converted into sulphide by diges- 
tion with sulphide of ammonium, and the acid with which the lead 
was combined is found in the filtrate, unless it be an acid which 
is itself decomposed by sulphide of ammonium, e,g. chromic acid. 
Hydrochloric acid and soluble chlorides give with a not too dilute 
solution of lead-salts, a white precipitate of chloride, PbCl, 
soluble in a large quantity of water, especially on boiling, and 
separating from the solution on cooling in crystalline needles : 
it is soluble when heated with strong hydrochloric acid, less 
soluble in dilute hydrochloric acid, insoluble in alcohol, soluble 
in potash, and is not changed at all by ammonia. Sulphuric acid 
and soluble sulphates give, even in very dilute solutions of lead- 
salts, a white precipitate of sulphate, SO^Pb^, almost entirely 
insoluble in water, insoluble in cold dilute acids, soluble in boiling 
dilute hydrochloric acid, from which solution chloride of lead 
crystallises on cooling ; soluble in potash, and in tartrate or 
acetate of ammonium with excess of ammonia, from which solu- 
tion the lead is precipitated by sulphuric acid, sulphide of ammo- 
nium, or chromate of potassium: also more or less soluble in 
solutions of many other salts. When boiled with carbonate of 
sodium it is entirely converted into carbonate of lead, (c) Iodide 
of potassium gives a yellow precipitate of iodide, Pbl, soluble in 
excess of the reagent : it is also soluble in a large quantity of 
boiling water, and separates on cooling in beautiful gold-yellow 
scales. Cyanide of potassium precipitates white cyanide of lead, 
CNPb, entirely insoluble in excess, soluble in dilute nitric acid. 
Chromate of potassium (prepared by neutralising the bichromate 
with ammonia) precipitates yellow chromate, Cr^O^Pb^ : soluble 
phosphates, arsenates, and oxalates, give white precipitates ; all 
difficultly. soluble in dilute nitric acid, soluble in excess of potash. 
Ammonia precipitates a white basic salt, insoluble in excess : in 
a solution of acetate of lead this precipitate forms slowly. Potash 
and soda precipitate white hydrate, PbHO, soluble in excess, 
especially on heating. Alkaline carbonates give a white preci- 
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pitate of carbonate of lead, CO^Pb^ (white lead, ceruse), insoluble 
in excess. If this precipitate be formed in a hot solution it con- 
sists of a compound of hydrate and normal carbonate of lead 
(CO^Pb^ +PbHO). Ferrocyanide of potassium gives a white pre- 
cipitate of cyanide of iron and lead, Cy^FePb^. Metallic iron and 
zinc precipitate lead from its salts in the metallic state. 

b. Binoxide of Lead. Puce Oxide. Pb'O*. — A dark reddish 
purple powder, obtained by exposing oxide of lead suspended 

• in water to a stream of chlorine; or by digesting minium in 
nitric acid. Minium^ or red lead, is a compound of lead and 
oxygen, obtained by heating the oxide in a current of air: its 
composition is Pb^O*, and it has been regarded as an inter- 
mediate oxide of lead ; but with acids (which dissolve out the 
oxide and leave the binoxide) it behaves like a mixture of oxide 
and binoxide, 2Pb^O+Pb''^02. Binoxide of lead is decomposed 
by heat, evolving oxygen, and leaving the oxide, without any in- 
termediate formation of minium. It does not combine with acids. 
Nitric acid does not dissolve it: with hydrochloric acid it evolves 
chlorine and forms chloride of lead: with sulphuric acid it 
evolves oxygen, and forms sulphate of lead. It absorbs sul- 
phurous anhydride abundantly, forming sulphate of lead. When 
fused with alkalis it combines with them, forming salts which 
may be called plumbates. Binoxide of lead is precipitated toge- 
ther with chloride when a lead-salt is treated with hypochlorite 
of sodium. 

Blowpipe reactions. — All lead compounds are easily reduced 
when heated on charcoal with carbonate of sodium, or cyanide of 
potassium, in the inner flame, a malleable globule of lead being 
obtained, and a yellow incrustation of oxide formed on the char- 
coal, which disappears when heated in the inner flame, colouring 
the outer flame blue. The oxide may be reduced by heating on 
charcoal without the aid of any flux. With borax and micro- 
cosmic saltf lead compounds ^ive in the outer flame a clear yel- 
lowish bead, which is coloufkss when cold. 

Separation and estimation of lead. — Finely powdered galena 

(sulphide of lead) is entirely converted into sulphate of lead by 

digestion in strong nitric acid: on adding water and filtering, the 

other metals contained in. the mineral (^aVVx^r, <i,o^^«t^\xw>[>^^^ 
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be found in the filtrate. If a more dilute nitric acid be employed, 
a mixture of sulphate of lead and free sulphur is obtained, and 
some nitrate of lead is found in the filtrate. White lead (car- 
bonate) is dissolved in nitric acid, and the lead precipitated as 
sulphate: if, as is often the case, the mineral contains sulphates 
of lead and barium, they will be left undissolved by the nitric 
acid, and the sulphate of lead may be separated from the residue, 
by digestion in tartrate of ammonium, with excess of ammonia. 
Chrome-yellow (chromate of lead) is first treated with a large 
quantity of water, to remove sulphate of calcium ; then with 
dilute nitric acid, to remove chalk ; and then with tartrate of 
ammonium and ammonia, to remove sulphate of lead. The re- 
sidue, which consists of chromate of lead, sulphate of barium, 
and clay (silicate of aluminium), is digested with a mixture 
of fuming hydrochloric acid and alcohol, and the chlorides of lead 
and chromium thus formed removed by boiling in water. The 
insoluble residue is heated with concentrated sulphuric acid, 
which converts the silicate of aluminium into sulphate, which is 
dissolved out with water, and the alumina precipitated from the 
solution by ammonia. The silica is separated from the sulphate 
of barium, by boiling the residue in carbonate of sodium, which 
dissolves the silica, which may be precipitated from its solution 
by chloride of ammonium. 

Lead is easily separated from all the metals of Subdivision A, 
by the insolubility of its sulphide in sulphide of ammonium. 
Lead is estimated either as oxide, or as sulphate. In the former 
case it is best to precipitate it by oxalate of ammonium from a 
neutral, or slightly alkaline, solution, and to convert the oxalate into 
oxide, by ignition in a platinum crucible. Or the lead may be pre- 
cipitated as carbonate, by carbonate of ammonium and free am- 
monia, and converted into oxide by ignition. In the latter case, if 
the solution be neutral, the lead is best precipitated by sulphate of 
sodium: in an acid solution precipitate by free sulphuric acid, 
evaporate to dryness, ignite the residue till all free sulphuric acid 
be expelled, exhaust with water to remove any soluble salts, 
wash the sulphate on a filter, dry, ignite, and weigh. For pre- 
cautions to be observed in igniting lead-aaVta, see ^. ^^. 
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2. silver. Ag. Atomic weight, 108. 

Occurs native : also as sulphide (silver-glance) : as sulphide of 
silver and antimony (red silver ore) : as chloride (horn -silver). 
It is a white, very lustrous metal, fusible at a somewhat lower 
temperature than gold. It is not oxidised by the air at any tem- 
perature : 'when fused in the air it dissolves oxygen, which 
escapes as the silver cools, giving a porous appearance to the 
metal. Nitric acid dissolves it readily: hydrochloric acid covers 
it with a thin film of chloride, which protects the metal from 
further attack : strong sulphuric acid dissolves it on boiling, 
forming sulphate of silver. 

Oxide op Silver, Ag^O. — A brown powder, obtained by pre- 
cipitating nitrate of silver by potash. By ignition it is converted 
into metallic silver. It is rapidly soluble in nitric acid. Silver- 
salts of colourless acids are mostly colourless, but are gradually 
blackened by exposure to the air: those which are soluble m 
water are decomposed by heat, metallic silver being left : the 
aqueous solution of a normal silver-salt is neutral to test-paper. 
Hydrosulphuric acid and sulphide of ammonium give a black pre- 
cipitate of sulphide, Ag^S, insoluble in alkalis and alkaline sul- 
phides, soluble in strong nitric acid. (c) Hydrochloric acid 
and soluble chlorides give a white curdy precipitate of chloride, 
ClAg, which becomes violet by exposure to the light : it is inso- 
luble in water and dilute acids ; slightly soluble in boiling concen- 
trated nitric and hydrochloric acids ; readily soluble in ammonia 
(reprecipitated by nitric acid); in cyanide of potassium, and hy- 
posulphite of sodium ; also soluble in saturated solutions of alka- 
line chlorides, whence it is reprecipitated on dilution with water. 
Iodide of potassium gives a yellowish precipitate of iodide, lAg, 
somewhat soluble in excess, insoluble in dilute nitric acid, almost 
insoluble in ammonia. Cyanide of potassium gives a white 
curdy precipitate of cyanide, CNAg, soluble in excess of the re- 
agent, in ammonia, and in strong nitric acid. Alkaline carbonates 
give a yellowish precipitate of carbonate, alkaline phosphates, 
a yellow precipitate of phosphate, PO^Ag^, both soluble in 
ammonia, and in nitric acid. Potash precipitates brown oxide, 
^^^Q insoluble in excess. Ammonia) adde^ m ^^t^ ^m^ll c^uan- 
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tity to a neutral silver solution, precipitates brown oxide, readily 
soluble in more ammonia: in an acid silver solution, ammonia 
gives no precipitate. Silver is very easily reduced from its 
soluble salts as a black powder : this reduction is effected (es- 
pecially on heating) by many metals {tin, iron, copper, antimony, 
&c.); by phosphorus, phosphorous acid, sulphurous acid (imper- 
fectly), protosulphate or protacetate of iron, chloride of tin (in 
excess), formic acid, and many other organic compounds. When 
reduced by organic bodies, the silver frequently forms a brilliant 
specular film on the sides of the vessel. 

Blowpipe reactions. — All silver compounds are very easily 
reduced to metallic shining scales, when heated on charcoal 
with carbonate of sodium in the inner flame. With borax, silver 
compounds are partly reduced, even in the outer flame. With 
microcosmic salt they give a clear yellowish bead in the outer 
flame, which is opalescent if a large quantity of the silver com- 
pound be present : when cool, the bead is yellowish by daylight, 
reddish by candlelight. 

Separation and estimation of Silver. — Galena frequently con- 
tains a small percentage of silver, which is extracted as follows : 
— The alloy of lead and silver obtained by roasting the ore, is 
melted in large quantities in iron basins, when on cooling the 
lead crystallises out, and is removed. The argentiferous residue 
is then exposed to the action of flame on a cupel, or basin of porous 
bone-earth, when the lead is oxidised and absorbed by the cupel, 
while the silver, not being oxidised, remains pure. Chloride of 
silver is reduced by contact with zinc and sulphuric acid : the 
reduced metal is fused into a button by heating it in a furnace with 
borax and carbonate of sodium. (This is a convenient method 
for the extraction of silver from silver residues.) 

Silver is separated from almost all other metals by the insolu- 
bility of its chloride in dilute acids. From other metals which 
form insoluble chlorides (lead, mercury), it is separated by the 
solubility of its chloride in ammonia. From lead it is separated 
in the dry way by cupellation. In the wet way, the solution is 
largely diluted with water, heated to boiling, and precipitated b^ 
hydrochloric acid, which throws down chloride oi e>\\\fe^ crc^-^f. 
Or the chloridea may he precipitated together, and t\i© ciNi\ox\.dft 
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of silver dissolved out by ammonia. Silver may also be separated 
from lead by cyanide of potassium, excess of which dissolves the 
cyanide of silver, leaving the cyanide of lead undissolved. 

Silver is always estimated as chloride. For the precautions to 
be observed, see p. 204. 

3. mercury. Hg. Atomic weight, 100. 

Occurs sometimes native, generally as sulphide (cinnabar). 
It is the only metal which is fluid at the ordinary temperature. 
It is white and lustrous ; it solidifies at 40°, and boils at 360^ 
giving off colourless vapours. It is sensibly volatile even at the 
ordinary temperature. It is not afiected by the air at the common 
temperature ; but when heated to a little below its boiling-point, 
it takes up oxygen, and is converted into the red oxide, Hg^O. 
It is insoluble in hydrochloric acid : nitric acid dissolves it easily, 
even in the cold, forming subnitrate, NO^Hg^, if the mercury be 
in excess, and nitrate, NO^Hg, if the acid be in excess. Aqua- 
regia dissolves it, forming a mixture of chloride, HgCl (corrosive 
sublimate), and nitrate. Boiled with excess of strong sulphuric 
acid, it is converted into solid sulphate, SO^Hg^: if the metal be 
in excess, and a less heat applied, subsulphate, SO^Hg^, is formed. 
When mercury is gently heated in a stream of chlorine, the chloride 
is formed. Mercury possesses the property of dissolving other 
metals, forming compounds called amalgams. 

Oxides op Mercury. Suboxide^ Hg*0. Oxide, Hg^O. 

a. Suboxide of Mercury, Mercurous Oxide. Hg^O. — A black 
powder, obtained by precipitating a subsalt of mercury by potash. 
It is very difficult to obtain it perfectly pure, owing to the 
readiness with which it is decomposed into metallic mercury and 
oxide ; this decomposition is induced by a slight rise in tem- 
perature, or by exposure to light. It is insoluble in water and 
hydrochloric acid. Its salts (subsalts of mercury, or mercurous 
salts) are colourless when normal: when basic, they are fre- 
quently yellow. All soluble mercurous salts are partially decom- 
posed by water, a basic salt being precipitated and an acid salt 
left in solution: free acid redissolves the basic salt. Hydro- 
su/p Auric acid and sulphide of ammonium give with mercurous 
salts a black precipitate of subsvAp^ii^^, ^^^^^ m^gluble in 
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sulphide of ammonium, or nitric acid^ soluble in aqua-regia, and 
in sulphide of potassium, (c) Hydrochloric acid and soluble 
chlorides give, even in very dilute solutions, a white precipitate 
of subchloride, Hg^Cl (calomel), which is insoluble in dilute acids, 
and is blackened by potash or ammonia. Boiling nitric acid 
dissolves it : boiling hydrochloric acid decomposes it into chloride, 
which dissolves, and metallic mercury, which remains as a grey 
powder. Iodide of potassium gives a greenish-yellow precipitate 
of subiodide, Hg^I (always mixed with iodide, Hgl), soluble in 
excess. Cyanide of potassium separates metallic mercury, the 
subcyanide being decomposed into mercury and protocyanide 
(Hg2Cy=Hgi-HgCy). Phosphate of sodium, oxalic acid, and 
Jerrocyanide of potassium give white precipitates: ferricyanide 
of potassium, a reddish-brown, chromate of potassium, a red, 
gcdlic acidy a brownish-yellow, precipitate. Mercurous salts are 
reduced by metallic copper and zinc, chloride of tin, protosulphate 
of iron, sulphurous and phosphorous acids, metallic mercury being 
separated as a grey powder. Most subsalts of mercury are de- 
composed by heat: the subchloride and subbromide sublime 
undecomposed. All subsalts of mercury are converted into proto- 
salts by boiling in nitric acid. 

b. Oxide of Mercury. Mercuric Oxide. Hg^O. — A brick-red 
powder, nearly black when hot, obtained by heating mercury in 
the air, or by carefully igniting the nitrate of mercury. When 
precipitated by an alkali from a mercuric salt, it has a yellow 
colour. It is decomposed by heat into mercury and oxygen, 
evolving nitrous fumes if it contains a trace of nitric acid. It 
is not quite insoluble in water : readily soluble in acids, forming 
salts of mercury, or mercuric salts. Normal mercuric salts are 
colourless; the basic salts are frequently yellow. They are 
partially decomposed by water, with separation of a basic salt, 
which requires free acid for its solution. The thloride is an ex- 
ception, being soluble in water without decomposition ; hence a 
solution of chloride of mercury differs in some of its reactions 
from that of the nitrate and of other salts which are partially 
decomposed by water, (c) Hydrosulphuric acid and suJ.i^hidA of 
ammonium, when added in very small quooAivt^, ^vi^ ^VCa. ^^- 
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mercuric salts a black precipitate of sulphide, Hg*S, which, when 
agitated with the mercuric solution, becomes white, owing to the 
formation of a compound of the sulphide and the undecomposed 
mercuric salt ; further addition of the reagent turns the preci- 
pitate brown, and finally black, it being entirely converted into 
sulphide. This reaction is quite characteristic of mercuric salts. 
Sulphide of mercury is insoluble iu nitric acid, or sulphide of 
ammonium, soluble in aqua-regia or sulphide of potassium. When 
sublimed, its colour changes from black to red. Hydrochloric 
acid gives no precipitate with mercuric salts. Iodide of potcH- 
sium, gives a bright red precipitate of iodide, Hgl, soluble in 
excess either of iodide of potassium, or of the mercuric salt 
When sublimed its colour changes to a bright yellow. Cyanide of 
potassium gives with nitrate of mercury a white precipitate 
soluble in excess : it does not precipitate the chloride. Phosphate 
of sodium and oxalic acid give white precipitates with mercuric 
nitrate : with the chloride the precipitate only appears on the 
addition of ammonia. Ferrocyanide of potassium gives with all 
mercuric salts a white precipitate, which gradually becomes blue, 
Prussian blue being formed, while the filtrate contains cyanide 
of mercury. Ferricyanide of potassium gives no precipitate 
with the chloride, a yellow precipitate with the nitrate. Gallic 
acid gives an orange-yellow precipitate with all mercuric solu- 
tions, except the chloride. Ammonia and carbonate of ammonia 
give with all mercuric salts a white precipitate, which is a com- 
pound of the mercuric salt with mercuramide : its composition 
varies according as the ammonia or the mercuric salt is in excess. 
Potash in excess precipitates yellow oxide, Hg^O, unless the 
mercuric solution contains much free acid. Carbonate of potash, 
or potash in small quantity, precipitates a reddish-brown basic 
salt. If ammoniacal salts be present, both the fixed alkalis and 
their carbonates give the white precipitate of mercuramide and 
mercuric salt. Cyanide of mercury is not decomposed by alkalis ; 
but it is by hydrosulphuric acid. Carbonate of barium com- 
pletely precipitates mercuric nitrate as a basic salt : it gives no 
precipitate with the chloride. The same reagents which reduce 
mercurous salts, generally reduce mercuric salts also : but in the 
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c^e of mercuric salts, the reduction is frequently gradual, a 
mercurous salt being first formed. Thus chloride of tin gives 
with mercuric salts a white precipitate of subchloride of mercury, 
which, when boiled with excess of the reagent, is further reduced 
to metallic mercury. If the solution be poured off, and the 
reduced mercury boiled with hydrochloric acid, it aggregates into 
shining globules. Copper^ iron, and zinc precipitate metallic 
mercury from all mercuric solutions which do not contain too 
much free acid ; the mercury forms a grey deposit on the surface 
of the metal, which assumes a metallic lustre when rubbed, and 
disappears when heated. Protosulphate of iron reduces mercuric 
nitrate, but not the chloride. Formic acid reduces chloride of 
mercury to subchloride: no excess of the reagent carries the 
reduction further, unless the solution be heated nearly to boiling. 
Mercuric salts are generally decomposed by heat : the chloride 
and iodide volatilise undecomposed. 

Mercurous salts are readily separated from mercuric salts by 
hydrochloric acid, which precipitates only the former ; and the 
latter can be detected in the filtrate by various reagents. If 
much free nitric acid be present, the separation is not complete, 
fojr some of the mercurous salt may be converted into mercuric. 

Blowpipe reactions. — All mercury compounds, when thoroughly 
dried, intimately mixed with dry carbonate of sodium, an'd heated 
before the blowpipe in a tube closed at one end, are decomposed, 
and metallic mercury condenses in the cold part of the tube. The 
mercury compounds which are volatile without decomposition 
[e,g, the chlorides) may escape decomposition by carbonate of 
8oda. In this case, the mixture must be slightly moistened with 
water, the water expelled by gentle heat over the lamp, and 
removed with blotting-paper, the tube being held horizontally, to 
prevent the water from running down to the heated part. When 
the moisture is all expelled, the blowpipe flame is applied as 
before. This is an easy and certain method of detecting mercury. 
Separation and estimation of Mercury, — The volatility of all 
its compounds, and the insolubility of its sulphide in strong nitric 
acid, distinguish mercury from all other metals. Mercury \& 
s^aratcd from all the metals of Subdivision A.\>y \\ia Y\i^<^\3\i^>^'^ 
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of its sulphide in sulphide of ammonium. In the analysis of a 
solution, it is better, before treating it with hjdrosulphuric acid, 
to remove by hydrochloric acid those metals which form insoluble 
chlorides. Silver and suhsalts of mercury are thus entirely, lead 
partially, precipitated. The chloride of lead is removed by 
boiling the precipitate in a large quantity of water. The chloride 
of silver and subchloride of mercury are separated by treatment 
with ammonia, which dissolves the chloride of silver, and blackens 
the subchloride of mercury; or they may be separated by aqua- 
regia in the cold, which dissolves the subchloride of mercury, and 
leaves the chloride of silver undissolved. But, for the complete 
separation of mercury from lead and silver^ it is better to ensure 
the presence of mercury only as mercuric salt, by boiling the 
solution with nitric acid. The silver can then be separated com- 
pletely by hydrochloric acid. Or the silver may be separated 
from the mercury by cyanide of potassium, as follows. The 
solution is nearly neutralised with an alkaline carbonate, and 
cyanide of potassium added till the precipitate first formed is 
entirely redissolved : excess of nitric acid is then added, when all 
the silver is precipitated as cyanide, while cyanide of mercury 
remains in solution. Lead may. also be separated from mercury 
by cyanide of potassium : the addition of nitric acid decomposes 
the cyanide of lead, forming nitrate, whence the lead may be pre- 
cipitated by an alkaline carbonate: the cyanide of mercury is not 
decomposed, and remains in solution. Or the lead may be 
separated by means of sulphuric acid, which must be in excess, 
otherwise a basic sulphate of mercury may be precipitated with 
sulphate of lead. Or the solution may- be evaporated to dryness 
with excess of hydrochloric acid, and the residue treated with 
alcohol, which dissolves the chloride of mercury, leaving the 
chloride of lead undissolved. 

For the analysis of a mixture of oxide of mercury, cinnabar, and 
red lead, W 6 h 1 e r gives the following process. By digestion with 
dilute nitric acid, the oxide of mercury and protoxide of lead are 
dissolved ; the lead is precipitated from the solution by dilute 
sulphuric acid, and then the mercury by hydrosulphuric acid or 
chloride o£ tin. The residue is then treated on the filter with a 
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mixture of warm dilute nitric and oxalic acids, which dissolves 
out the binoxide of lead, and the residual cinnabar is washed, 
dried, and weighed. 

Mercury is estimated either in the metallic state ; as subchloride, 
Hg^Cl; or as sulphide, Hg^S. In the first case, the solution, 
which must not contain free nitric acid, is digested with chloride 
of tin, or phosphorous acid, the reduced mercury wiashed, dried 
without the application of heat, and weighed. In the dry way the 
operation is thus performed. About an inch of carbonate of 
calcium is introduced into the closed end of a combustion tube, 
then the mercury compound mixed with quicklime, then about 
two inches of quicklime. The open end of the tube is bent down 
and inserted into a narrow-mouthed bottle containing water, the 
end of the tube just dipping into the water. The layer of quick- 
lime is then heated to redness, then the mercury-compound, and 
finally the carbonate of calcium, when carbonic anhydride is 
evolved, and sweeps all the mercury- vapour into the receiver, 
which must be kept cold. The condensed mercury is then dried 
and weighed. In the second case, the mercury is best precipitated 
by an alkaline formate. If the mercury be contained in the 
solution in any other form than the chloride, hydrochloric acid 
must be added, the solution nearly neutralised with potash, an 
alkaline formate added, and the whole digested for some days at 
a temperature not exceeding 80° : if the solution were boiled, the 
mercury would be reduced to the metallic state. The subchloride 
is collected on a weighed filter, dried at a gentle heat, and 
weighed. Mercury can only be estimated as sulphide in solutions 
from which hydrosulphuric acid precipitates the sulphide pure, 
{e. g, chloride of mercury): it is then sufficient to collect tlie sul- 
phide on a filter, dry it in the water-bath, and weigh it. But if 
the sulphide be precipitated from a solution containing free nitric 
acid, or a sesquisalt of iron, it is mixed with sulphur, and cannot 
be weighed directly. In this case, the mercury must be separated 
from it in the metallic state, either in the wet or dry way, as 
above described. 

In amalgams, the amount of mercury may be determitved. Vrj ^Jafe 
loss of weight produced by heat. 
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4. Bismuth. Bl. Atomic weight, 208. 

Found native : also in combination with oxygen, sulphur, 
tellurium, &c. It is a white metal with a reddish tinge : fuses at 
260°. It is not affected by the air at the ordinary temperature : 
at a white heat it takes fire, forming bismuthic oxide, Bi^ 0^ 
Hydrochloric acid scarcely attacks it : nitric acid dissolves it 
readily: sulphuric acid attacks it when hot and concentrated. 
Powdered bismuth burns in chlorine at the ordinary temperature, 
forming volatile chloride, BiCP. 

Oxides op Bismuth. Bismuthic Oxide, Bi^O^. Bismuthic 
Anhydride, Bi^O^. 

a. Teroxide of Bismuth, Bismuthic oxide, Bi^O^. — A yellow 
powder, obtained by heating bismuth in the air, or by gently 
igniting the nitrate. It grows darker when heated : it may be 
fused to a glass, which is )'ellow and crystalline on cooling. It is 
not volatile. It is insoluble in water, soluble in all acids, forming 
bismuthic salts, which are colourless. They are partially decom- 
posed by water, a basic salt being precipitated, and troubling the 
solution : the addition of free acid dissolves the precipitate- 
This is the reaction chiefly employed for the detection of bismuth* 
The decomposition of the chloride by water is more complete 
than that of any other salt : hence it is well, in searching for 
small quantities of bismuth, to evaporate the solution to a small 
bulk with hydrochloric acid in a watch-glass, and add excess of 
water. The precipitate thus obtained is insoluble in tartaric 
acid. (Distinction of bismuth from antimony.) Bfydrosulphuric 
acid and sulphide of ammonium give a black-brown precipitate 
of sulphide, Bi^S^, insoluble in alkaline sulphides, soluble in nitric 
acid. Sulphuric acid gives no precipitate. Chromate of potas- 
sium precipitates yellow chromate, soluble in nitric acid, insoluble 
in potash ; by which it is distinguished from chromate of lead. 
Iodide of potassium precipitates brown iodide, BiP, soluble in 
excess. Cyanide of potassium gives a white precipitate, insoluble 
in excess, soluble in acids. Ferrocyanide of potassium gives a 
white precipitate ; ferricyanide of potassium, a pale yellow pre- 
cjpitate, both insoluble in hydrochloric acid. Alkaline carbonates 
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precipitate a white basic carbonate, slightly soluble in excess, 
precipitated from the solution bj potash. Ammonia and potash 
precipitate white hydrate, insoluble in excess : by boiling it is 
converted into the yellow oxide. Zincy and several other metals, 
reduce metallic bismuth from its salts. All bismuth-salts, except 
the chloride, are decomposed when heated in the air. 

b. Bismuthic Anhydride^ Bi^O. — A light-red powder, obtained 
by exposing the oxide, suspended in a strong solution of potash, 
to the action of chlorine. By ignition it is converted into the 
oxide. Heated with strong sulphuric or nitric acid it evolves 
oxygen, and forms a bismuth-salt. With hydrochloric acid in 
the cold it evolves chlorine, and forms chloride of bismuth. It is 
somewhat soluble in potash, and forms a few double salts of bis- 
muth and potassium. 

There are several oxides intermediate between bismuthic oxide 
and anhydride, which may be regarded as compounds of these 
two. They are all converted into the oxide by ignition, and 
evolve chlorine when treated with hydrochloric acid. 

Blowpipe reactions. — All bismuth compounds, when heated on 
charcoal with carbonate of sodium in the inner flame, give a 
brittle metallic bead, and a yellow incrustation, which disappears 
when heated in the inner flame, without giving any colour to the 
outer flame (distinction of bismuth-oxide from lead-oxide). With 
borax and microcosmic salt bismuthic oxide gives beads which 
are yellowish when hot and colourless when cold. If much 
oxide be employed, the bead is opaque. 

Separation and estimation of Bismuth, — The best qualitative 
test for bismuth is the decomposition of its chloride by water : 
the precipitate thus produced is insoluble in tartaric acid, potash, 
and sulphide of ammonium. From the metals of Subdivision A, 
bismuth is separated by the insolubility of its sulphide in sul- 
phide of ammonium. From lead, by means of sulphuric acid in 
excess : or by evaporation to dryness with hydrochloric acid and 
treating the residue with alcohol and ether, which dissolves the 
chloride of bismuth only. From silver, by hydrochloric acid. 
From mercury, by the solubility of its sulphide in nitric acid, or 
by the reduction of the mercury by chloride o? V\xv. 

K 
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Bismuth is always estimated as^ oxide. It is best precipitated 
by carbonate of ammonium, by which it is completely thrown down 
after some hours standing in a warm place. The precipitate is 
converted into oxide, Bi^O', by ignition in a porcelain (not a 
platinum) crucible. Bismuth cannot be precipitated directly by 
carbonate of ammonium from a solution containing hydrochloric 
acid, for the precipitate would contain some oxychloride : in this 
case it must be precipitated as sulphide, the sulphide dissolved in 
nitric acid, and the solution precipitated by carbonate of ammo- 
nium. 

5. Copper. Cu. Atomic weight, 31*7. 

Found native: as suboxide (red copper-ore): as basic carbonate 
(malachite), sulphate, phosphate, &c.: as sulphide (copper-glance): 
as sulphide of copper and other metals (copper-pyrites, bour- 
nonite, fahl-ore, &c.). It has a red colour and a strong metallic 
lustre : it is very ductile and tenacious, and difficultly fusible. It 
is not affected by dry air at the ordinary temperature : in moist 
air it becomes covered with a green coating of carbonate: in 
presence of acids it is rapidly oxidised by the air. When heated 
in the air it is converted into black oxide. Hydrochloric acid 
dissolves it but slightly, forming subchloride, Cu^Cl : nitric acid 
dissolves it readily : concentrated sulphuric acid dissolves it on 
heating, forming sulphate, SO^Cu*. Heated in chlorine it forms 
a mixture of chloride, CuCl, and subchloride. 

Oxides of Copper. Suboxide^ Cu*0. Oxidcy Cu*0. 

a. Suboxide of Copper. Cuprous Oxide. Cu*0. — A red pow- 
der, obtained by heating the oxide with metallic copper, or by 
boiling a protosalt of copper with grape-sugar, arsenious acid, &c., 
in presence of excess of potash. When heated in the air it is con- 
verted into oxide. All acids, except hydrochloric, decompose it 
into metallic copper, and cupric oxide, which dissolves in the acid, 
forming a protosalt. Hydrochloric acid dissolves it without de- 
composition, forming a solution of subchloride, Cu'^Cl, which is 
colourless when pure, but rapidly becomes brown, and then 
green, by absorption of oxygen and formation of chloride (p. 6). 
lyom the acid solution of subchloride, fcater precipitates white 
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subchloride. Potash precipitates yellow subhydrate, insoluble in 
excess, which rapidly becomes black by absorption of oxygen 
and conversion into oxide. Ammonia in excess gives a colourless 
solution, which rapidly becomes blue on exposure to the air. In 
short, all subsalts of copper absorb oxygen very readily from the 
9iTy and are converted into protosalts. 

b. Oxide of Copper. Cupric Oxide. Cu^O. — A black powder, 
obtained by heating copper in the air, or by igniting the nitrate. 
It fuses at a high temperature. At a red heat it readily parts 
with its oxygen to hydrogen or carbon, which renders it a valu- 
able agent in organic analysis. It is insoluble in water; soluble 
in acids, forming protosalts of copper, or cupric salts. These are 
mostly colourless when anhydrous : when hydrated they are blue 
or green. An aqueous solution of a normal copper-salt reddens 
litmus-paper. Hydrosulphuric acid or sulphide of ammonium 
gives with cupric salts a black precipitate of sulphide, Cu^S, 
which is rapidly oxidised into sulphate by exposure to the air : it 
is insoluble in hydrochloric acid or sulphide of potassium; slightly 
soluble in sulphide of ammonium ; soluble in nitric acid or cya- 
nide of potassium. Iodide of potassium, in presence of sulphu- 
rous acid or a protosalt of iron, precipitates all the copper as 
greenish-white subiodide, Cu^I, soluble in excess. Cyanide of 
potassium gives a greenish-yellow precipitate of cyanide, CNCu, 
soluble in excess : from this solution hydrochloric acid precipi- 
tates white subcyanide, CNCu^, soluble in excess: hydrosulphuric 
acid gives no precipitate, (c) Ferrocyanide of potassium gives 
a red-brown precipitate of cyanide of iron and copper, insoluble 
in hydrochloric acid, soluble in ammonia, decomposed by potash 
with separation of hydrate of copper. In very dilute solutions 
only a brown colour is produced. This is the most delicate test 
for copper. Ferricyanide of potassium gives a yellowish-green 
precipitate, insoluble in hydrochloric acid. Fixed alkaline car^ 
hanaies give (with evolution of carbonic anhydride) a greenish- 
blue precipitate of basic carbonate, which on boiling is converted 
into black oxide. Fixed alkalis in excess precipitate blue hy- 
drate, CuHO, insoluble in excess, which on boiling is converted 
into black oxide. The presence of many ox^^iA^ %\i\^^\.'dxi.^^^ 

K 2 
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prevents this precipitation. For instance, if grape-sugar be 
present in a solution of sulphate of copper, potash or soda pro- 
duces a deep blue solution, whence the whole of the copper is 
precipitated on boiling as suboxide, (c) Ammonia or carbonate 
of ammonium in small quantity precipitates a greenish-blue basic 
salt, readily soluble in excess to a beautiful dark -blue solution, 
whence black oxide may be separated by boiling with potash. 
The blue colour is perceptible in very dilute copper solutions. 
Metallic zinc and iron precipitate copper from its solutions in 
presence of free hydrochloric acid. All soluble copper-salts are 
decomposed by ignition in the air. 

Blowpipe reactions, — All copper compounds are reduced when 
heated on charcoal in the inner flame with carbonate of sodium 
and cyanide of potassium, yielding red metallic scales, which are 
easily detected by levigating the fused mass in an agate mortar. 
Both oxides of copper, and most copper-salts, when heated on a 
platinum-wire in the inner flame, give an intense green colour to 
the outer flame (especially on addition of a little chloride of 
silver). With borax and microscomic salty copper-salts give in 
the outer flame clear beads, which are dark-green when hot, 
bluish-green when cool : in the inner flame (especially on ad- 
dition of tin) beads which are colourless when hot, red, and 
frequently opaque, when cool. 

Separation and estimation of Copper. — Copper is separated 
from the metals of Subdivision A, by the insolubility of its sul- 
phide in sulphide of potassium or sodium. From lead it is sepa- 
rated by sulphuric acid, or by cyanide of potassium in excess, 
which precipitates the lead only. From silver, it is separated by 
hydrochloric acid. From mercury, by adding excess of cyanide 
of potassium, and passing hydrosulphuric acid through the solu- 
tion, when sulphide of mercury is precipitated alone. From 
bismuth, by carbonate of ammonium, or cyanide of potassium. 

When copper is precipitated as sulphide, the sulphide must be 
washed with water containing hydrosulphuric acid, to prevent 
oxidation from the air and the consequent passage of soluble sul- 
phate through the filter : the sulphide is then dissolved in nitric 
ac/d, and the -solution precipitated by potash. Copper cannot 
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be accurately estimated by precipitation by iron in the metallic 
state : since the reduced copper becomes partially oxidised during 
the process of drying. — Rose. 

6. Cadmiam. Cd. Atomic weight, 56, 

Found principally in zinc-ores. It is a white metal, much 
resembling tin : it is nearly as volatile as mercury. It is not 
affected by dry air at the ordinary temperature : in moist air it is 
slightly oxidised: heated in the air it burns, and forms brown 
vapours of oxide of cadmium. It is soluble in hydrochloric, 
sulphuric, and even acetic acids : most easily in nitric acid. 

Oxide of Cadmium. Cadmic Oxide, Cd^O. — A brown powder, 
obtained by heating cadmium or the hydrate in the air. It is not 
fused or decomposed by the strongest heat. It is soluble in acids, 
forming salts of cadmium, or cadmic salts. These are colourless, 
mostly soluble in water : the aqueous solution of the normal salts 
reddens litmus-paper, (c) Hydrosulphuric acid or sulphide of 
ammonium gives, even in very acid solutions, a yellow precipitate 
of sulphide, Cd^S, insoluble in alkaline sulphides, caustic alkalis, 
or cyanide of potassium, soluble in nitric acid. Alkaline phosphates 
and oxalates give white precipitates, insoluble in water, soluble in 
ammonia. Cyanide of potassium precipitates white cyanide of 
cadmium, CNCd, soluble in excess: from this solution hydro- 
sulphuric acid precipitates the sulphide. Ferrocyanide ofpotaS' 
sium gives a white precipitate ; ferricyanide of potassium a 
yellow precipitate ; both soluble in hydrochloric acid. Alkaline 
carbonates precipitate white carbonate, CO^Cd^, insoluble in excess. 
Potash precipitates white hydrate, CdHO, insoluble in excess. 
Ammonia precipitates the hydrate, soluble in excess: this solution 
is precipitated by hydrosulphuric acid. Metallic zinc precipitates 
cadmium from its solutions. 

Blowpipe reactions. — All cadmium compounds, when heated on 
charcoal in the inner flame with carbonate of sodium and cyanide 
of potassium, give a brown incrustation of cadmic oxide. A 
little cadmic oxide in presence of excess of zinc-oxide may be de- 
tected by heating the mixture with carbonate of ^o^VxrccLi^'^ ^^ 
instant in the inner fame, when a slight metw^X^X^ovi oi ^"aAsss^a 
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oxide is formed. Much longer heat is required for the formation 
of zinc-oxide. With borax and microcosmic salt cadmic oxide 
gives a bead, which is yellowish when hot, and colourless when 

cool. 

Separation and estimation of Cadmium, — For the detection of 
cadmium in zinc-ores, the mineral is powdered, and digested in 
aqua-regia, the solution diluted with water, and saturated with 
hydrosulphuric acid, which does not precipitate the zinc. The 
precipitate, which generally contains some sulphide of copper, is 
washed with water containing hydrosulphuric acid, dissolved in 
nitric acid, the solution precipitated by excess of carbonate of 
ammonium and the whole digested for some time at a gentle heat. 
The precipitate (in the absence of lead and bismuth) consists 
entirely of carbonate of cadmium : the filtrate contains all the 
copper. 

Cadmium is separated from the metals of Subdivision A, by the 
insolubility of its sulphide in alkaline sulphides. From lead it is 
separated by sulphuric acid, or by cyanide of potassium : from 
silver, by hydrochloric acid. From mercury^ it is separated by 
reducing the mercury by chloride of tin : or by excess of cyanide 
of potassium and nitric acid, as described in the separation of 
mercury from lead (p. 126). From bismuth, by ammonia, or by 
cyanide of potassium. From copper, by carbonate of ammo- 
nium, which dissolves the copper, but precipitates the cad- 
mium. Or by cyanide of potassium, as follows: — cyanide of 
potassium is added to the solution till the precipitate first formed 
is redissolved (or, if the solution be animoniacal, till the blue 
colour is destroyed) ; the solution is then saturated with hydro- 
sulphuric acid, which precipitates only sulphide of cadmium. 
The filtrate is heated to expel excess of hydrosulphuric acid, 
more cyanide of potassium added, the whole heated with hydro- | 
chloric acid with addition of nitric acid until all the hydrocyanic j 
acid is expelled, and the copper precipitated from the solution by 
potash. 

Cadmium is always estimated as oxide. It is precipitated hj 
carbonate of sodium as carbonate, which by ignition is converted 
intd oxide. 
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7. Valladinm^ Fd. Atomic weight, 53. 

Found native in platinum-ores, and in ^old-dust from Brazil. It closelj 
resembles platinum in appearance, but is not nearly so heavy. It is in- 
soluble in hydrochloric acid : somewhat soluble in boiling concentrated 
sulphuric acid : slowly but completely soluble in nitric acid (which 
distinguishes it from platinum): readily soluble in aqua-regia, the solution 
containing a mixture of nitrate and chloride of palladium. 

OxiBES OF Palladium. — The most important oxide is 

Protoxide of Palladium. PaUadous Oxide, Pd^O. — A black powder, 
obtained by dissolving palladium in nitric acid, evaporating the dark- 
brown solution to dryness, and igniting the nitrate at a gentle heat. 
The hydrate, PdHO, is dark-brown : it is obtained by precipitating a pal- 
ladium-salt by carbonate of potassium : at a moderate heat it is converted 
into the oxide, at a stronger heat it is reduced to the metal. Hydroeul- 
phuric acid or mlphide of ammonium gives with salts of palladium a dark- 
orown precipitate of sulphide, Pd^S, soluble in strong acids, insoluble in 
alkaline sulphides. Hydriodic acid and soluble iodides give even in very 
dilute solutions a black precipitate of iodide, Pdl, somewhat soluble in 
excess of iodide of potassium. This reaction serves for the estimation of 
iodine in mineral springs. Cyanide of mercury gives (sometimes not 
immediately) a yellowish gelatinous precipitate of cyanide, CNPd, which 
becomes white on standing: it is soluble in cyanide of potassium, ammonia, 
and in a large quantity of hydrochloric acid. Carbonate of potassium 
precipitates brown hydrate, PdHO, soluble in excess, reprecipitated by 
boiling the solution. Potash precipitates a yellowish-brown basic salt, 
soluble in excess. Ammonia and carbonate of ammonium do not precipi- 
tate nitrate of palladium, but if added in excess, they decolorise the 
solution. With chloride of palladium they give a reddish -yellow pre- 
cipitate of chloride of palladammonium, NH^PdCl, soluble in excess, and 
reprecipitated by hydrochloric acid. Chloride of ammonium does not 
precipitate palladium-salts. Chloride of tin gives a black precipitate^ 
which dissolves in hydrochloric acid with an intense green colour. Palla- 
dium-salts are reduced by phosphorous, sulphurous, nitrous, and formic 
acids, metallic zinc and iron, and by alcohol, Protosulphate of iron reduces 
the nitrate, but not the chloride. All palladium-salts are decomposed by 
ignition, leaving metallic palladium. 

Separation and estimation of PallacUum, — ^Palladium is separated from 
most other metals by cyanide of mercury. If, however, the solution 
contain alcohol, gold, platinum, and some other metals would also be 
precipitated by cyanide of mercury. Palladium cannot be separated from 
platinum by nitric acid, for an alloy of palladium with very little plati- 
num is completely dissolved by nitric acid. They may be separated by 
fusion with acid sulphate of potassium, when the platinum is not oxidised, 
while the palladium is converted into sulphate. An effectual qualitative 
reaction for distinguishing palladium-foil from platinum-foil is to moisten 
it with a drop of an alcoholic solution of iodine, which is then left to 
spontaneous evaporation; when on paUadium-foll&b\aQk%W\Tu&'^'CQ^xvK.^^^ 
which disappears on heating, while platmuui-ioW. t^xcl'qIvca mw»^<^^^^- 

K 4 
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Palladium cannot be separated from copper (which oflten occurs in plati- 
num ores) bj cyanide of mercury. Berzelius gives4he following pro- 
cess. The two metals are precipitated as sulphides, and the precipitate, 
while still moist, roasted together with the filter, as long as sulphurous 
anhydride continues to be evolved. They are thus converted into basic 
sulphates, which are dissolved in hydrochloric acid, chloride of potas^ 
sium added, and the whole evaporated to dryness. A dark residue is 
left, consisting of chloride of potassium, chloride of copper and potassium, 
and chloride of palladium and potassium ; the two former salts are dis- 
solved out by alcohol of sp. gr. 0'833, the residue dried, weighed, and 
the amount of palladium calculated from it. According toDobereiner, 
copper may be separated from palladium by reducing the latter metal by 
an alkaline formate. 

Palladium is always estimated in the metallic state. It is precipitated 
by cyanide of mercury (the solution having been nearly neutralised by 
carbonate of sodium) : the cyanide on ignition leaves metallic palladium. 

8. Sbodium. R. Atomic weight, 52. 

Found in small quantity in platinum-ores. It is a grey powder, which 
can only be imperfectly fused to a coherent mass, it is oxidised "j^ben 
strongly heated m the air. When pure it is insoluble in acids : when alloyed 
with other metals it may be partially dissolved. It is dissolved when fused 
with acid sulphate of potassium or glacial phosphoric acid. It is oxidised 
when ignited with potash and nitrate of potassium. When rhodium is 
mixed with powdered chloride of potassium, and heated to redness in a 
stream of chlorine, a double chloride of rhodium and potassium is formed, 
which is soluble in water. 
Oxides of Rhodium. — The most important oxide is 
Sesquioxide of Rhodium, Rhodic Oxide, R*0^. — A black powder, 
insoluble in acids, obtained by the prolonged ignition of the hydrate. The 
hydrate is obtained by fusing rhodium with potash and nitrate of potas- 
sium, washing with water the compound of rhodic oxide and potash 
which is thus formed, and digesting it in hydrochloric acid, when the 
liydrate remains of a greyish-green colour, insoluble in acids. The hydrate 
obtained by precipitating the double chloride of rhodium and potassium 
by an alkali, and evaporating to dryness, is slowly soluble in acids, to- 
gether with the alkali which adheres to it, forming double salts. Rhodium- 
salts are difficult to obtain, owing to the insolubility of the metal and its 
oxide in acids : they are best prepared in the dry way by one of the 
methods described above. Their solutions are generally red. They are 
slowly preciipitated by hydrosidphuric acid or sulphide of ammonium^ as 
brown sulphide, insoluble in alkaline sulphides. Chloride of tin gives no 
precipitate, but colours the solution dark-brown. Nitrate of silver gives 
with chloride of rhodium a red precipitate, analogous in composition to 
the iridium precipitate (p. 104). Potash gives with chloride of rhodium a 
yellowish-brown precipitate of hydrate, soluble in excess : in other rho- 
dium-salts this precipitate only a|;)pears on boiling. Ammonia gives with 
^J rhodium-salts a yellow precipitate containing rhodic oxide and am- 
monia, soluble in hydrochloric acid. Rhodium-salts are reduced by 
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metallic zinc: not by protostdpkate of iron, (c) From a solution of a 
riiodium-ealt, saturated with potash, alcohol reduces metallic rhodium, 
eren in the cold, as a black powder: with other platinum-metals*, this 
reaction only takes place on heating. 

Separation and estimation of Rhodium. — ^Rhodium may be separated 
from all the noble metals (except palladium and silver) by its solubility 
when fused with acid sulphate of potassium, llie insolubility in alcohol 
of chlororhodate of sodium affords a method of separating it from other 
platinum-metals. — Rose. 

For further details as to the separation of rhodium from the platinum- 
metals, see the article on platinum-ores in Part IV. p. 237. For the sepa- 
ration of rhodium from copper^ Berzelius gives the following method : — 
The solution is saturated with hydrosulphuric acid and left in a stoppered 
bottle for twelve hours in a warm place: the sulphides are then filtered 
off, and the filtrate heated, on which more sulphide of rhodium generally 
separates. The sulphides are then roasted in a platinum crucible till 
they are completely oxidised : they are then treated with hydrochloric 
acid, which dissolves out the copper and leaves the rhodic oxide. The 
filtrate from the sulphides still contains some rhodium, which is separated 
as rhodic oxide by evaporating to dryness with carbonate of sodium, and 
treating the residue, after ignition, with cold water. The rhodic acid is 
then reduced by hydrogen at a gentle heat and weighed. 

Khodium is always estimated in the metallic state. The rhodic oxide is 
obtained by evaporation with carbonate of sodium as above, and reduced 
by hydrogen. 

9. Sutlieniiiin. Ru. Atomic weight, 52. 

Found in small quantity in platinum-ores. It is a grey metal, closely 
resembling iridium. When heated in the air it becomes covered with 
black sesquioxide, Ru^O^. When pure it is insoluble in acids, or in fused 
acid sulphate of potassium. When heated with potash and nitrate of 
potassium, it is oxidised and converted into ruthenate of potassium, a 
dark-green mass which is soluble in water, forming a yellow solution, 
&om which nitric acid precipitates a black hydrate. 
Oxides of Ruthenium. The most important oxide is 
Sesquioxide of Ruthenium^ Ru^O^. — A black powder insoluble in acids, 
obtained by heating ruthenium in the air. It does not lose its oxygen at 
a white heat. The hydrate precipitated by nitric acid from ruthenate of 
potassium is soluble in hydrochloric acid, forming a dark brown solution 
of sesquichloride of ruthenium, which gives the following reactions : — 
It is decomposed by heat into black sesquioxide and hydrochloric acid, 
(c) Hydrostdphuric acid slowly precipitates brown sulphide of ruthenium ; 
While the solution is coloured blue, owing to the reduction of the sesqui- 
chloride to protochloride. This is a very delicate and characteristic 
I'eaction. Sulphide of ammonium precipitates brown sulphide, slightly 
soluble in excess, forming a yellow solution. Cyanide of mercury gives 

* By this term are meant those metals which are usually fonn^ ^^^lom'^^XL^xsi^ 
platinum in its ores. 
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a blue precipitate and colours the solution blue. Suffhoepamafe ofpotoS" 
iium gives (when other platinum-metals are abient) a purple-red preci- 
pitate, which becomes violet on liesting. Acetate of lead gives a purple- 
Ted preeipitate. (c) Nitrate of silver gives a black precipitate, which is 
a mixture of chloride of silver and sesquihydrate of ruthenium: the latter 
gradual! J dissolves in the free nitric acid, leaving white chloride of silver: 
the addition of ammonia dissolves the chloride of silver and reprecipitates 
the sesquihydrate. Caustic aUudis^ alkaline carbonates^ and phosphate of 
sodium, precipitate black hydrate, insoluble in excess. Metallic zinc first 
gives a blue colour to the solution, and then gradually precipitates metal- 
lic ruthenium, while the solution becomes colourless. Sulphurous, oxalic, 
and formic acids decolorise the solution, but do not reduce the metal. 
The chlorides of potassium and ammonium precipitate crystalline violet 
double chlorides, difficultly soluble in water, insoluble in alcohol. The 
solution of the double chloride of ruthenium and potassium is decom- 
posed by heat, with separation of a black oxychloride. 

Separation and estimation of Ruthenium, — Kuthenium has hitherto been 
found associated only with the platinum-metals, from which it is separated 
as described in Part IV. (p. 239). 

Ruthenium is always estimated in the metallic state. It is precipitated 
as sesquihydrate from a solution of sesquichloride, either hj simple neat or 
by an alkali ; and from ruthenate of potassium by nitric acid. The sesqui- 
hydrate generally contains some alkali, which cannot be removed by wash- 
ing. It must be reduced by gentle ignition in a stream of hydrogen, the 
reduced mass thoroughly washed with water, and the residual ruthenium, 
before weighing, again ignited and left to cool in a stream of hydrogen, 
as it would be partially oxidised if allowed to cool in the air. 

10. Oamtqm. Os. Atomic weight, 100. 

Found in platinum-ores, chiefly as osmide of iridium. It is generally 
obtained as a grey porous metallic mass. It combines with oxygen more 
readily than any other platinum- metal. When heated in contact with 
the air it is entirely converted into osmic anhydride, OsO'. It b slowly 
soluble in ordinary nitric acid, more readily in aqua-regia, or fuming nitric 
acid : the solution in all cases contains osmic acid. Aiter strong it^nition, 
out of contact with air, osmium is insoluble in acids. Heated in chlo- 
rine, it is converted into a mixture of green chloride and red bichloride 
(OsCl and OsCF), of which the latter is the more volatile. 

Oxides op Osmium. — Osmium forms several compounds with oxygen, 
of which the most important are the Binoxide, Os^O^ and Osmic Anhf* 
dride, OsO^. 

a. Binoxide of Osmium, Osmic Oxide, Os'O*. — A black powder, ob- 
tained by igniting the hydrate in an atmosphere of carbonic anhydride. The 
hydrate is precipitated (black) when an aqueous solution of chlorosmate 
of potassium is boiled with carbonate of sodium. The chlorosmate of 
potassium, OsCPK, is obtained by heating a mixture of metallic osmium 
and chloride of potassium in a stream of chlorine. It is a red compound, 
insoluble in alcohol, somewhat soluble in water, forming a yellow solution, 
wblcb gives the following reactions. Hi|dro8u2p^t&rtc acta and sulphide of 
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anmiamum precipitate slowly yellowish-brown sulphide, imoluble in alka* 
line sulphides. Tannic aetd^ on heating, gives a blue colour, and no 
precipitate : ferrocyanide of potassium, first a green, then a blue, colour : 
iodide of potassium, a deep purple-red colour, which does not disappear on 
heating : chloride of tin, a brown precipitate : nitrate of silver, a dark 
oliTe-green precipitate, which contains tne whole of the osmium. Oxalic 
acid and protosidpJiate ofironsivQ no reaction. Potash gives a black, 
ammonia a brown, precipitate, slowly in the cold, immediately on boiling. 
Metallic zinc and formate of sodium reduce metallic osmium. 

b. Osmic Anhydride, OsO^. A white crystalline mass, obtained by heat- 
ing osminm or any of its lower oxides, in contact with the air. It is vola- 
tile, and may be sublimed in needles, evolving vapours of a characteristic 
and disagreeable smell, which irritate the eyes violently. It is somewhat 
soluble in water : the solution contains osmic acid, and reddens litmus very 
feebly, if at all. The addition of potash gives a yellow solution of osmate 
of potassium, in which a few drops of alcohol give a rose-red precipitate of 
osmite of potassium. This lower oxygen-acid of osmium (osmous acid) is 
only known in combination with two or three bases. The addition of a 
mineral acid to a solution of osmate of potassium sets free osmic acid, 
which may be recognised by its peculiar smell, and which may be isolated 
by distillation. Metallic osmium is reduced from an aqueous solution of 
osniic acid by sulphurous add, protosvlphate of iron, or metallic zinc. 
Chloride of tin gives a brown precipitate, soluble in hydrochloric acid to a 
brown solution. Hydrosulphuric acid or sulphide of ammonium precipitate 
black-brown sulphide. 

Separation astd estimation of Osmium. — The best method of separating 
osmium from the other platinum-metals (especially iridium) is to volatilise 
it in the form of osmic anhydride, either by distillation with aqua-regia 
(if the compound be soluble therein), or by roasting in a stream of oxygen. 
The acid vapours are collected in a strong solution of potash, whence a 
few drops of alcohol precipitates all the osmium as osmite of potassium. 
The precipitate is digested with chloride of ammonium, and the double 
chloride thus formed reduced to metallic osmium by ignition in a stream 
of hydrogen. (F r ^ my.) The separation of osmium in the native osmide 
of iridium is a difficult matter: for the osmium cannot be completely dis- 
solved out by acids, nor converted into osmic acid by heating in oxygen, 
nor into chloride by heating in chlorine. The best way to decompose 
thb compound is to oxidise it by fusion with nitrate of potassium, or a 
mixture of caustic potash and chlorate of potassium. — (Fritzsche and 
StruTe. J. Pr. Ch. xxxvii. 483.) 

Osmium is generally estimated in the metallic state. 
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OBOTJF II. 

Metals which are not precipitated hj hydrosnlphnric acid, 
bnt which are completely precipitated by sulphide of 
ammonium, from acid solutions. 

This group like the former, comprises two subdivisions : — 
A. — Metals which are precipitated as sulphides : nickel, cobalt^ 
manganese, zinc, iron, uranium, 

B. — Metals which are precipitated as hydrates : aluminium, 
beryllium or glucinum, zirconium, thorium, yttrium, erbium, ter* 
bium, cerium, lanthanum, didymium: titanium, tantalum, niobium, 
chromium. The first ten metals in this subdivision are known as 
the metals of the earths, or earthy metals. 

Group IL^Subdivision A. 

The sulphides of these metals are insoluble in water, but more 
or less soluble in dilute mineral acids : hence they are net pre- 
cipitated by hydrosulphuric acid from a solution containing 
sufficient free mineral acid. From a neutral solution their 
precipitation by hydrosulphuric acid is not complete: for the acid 
with which the precipitated metal was combined, is set free, and 
(if a mineral acid) holds, at least, a portion of the sulphides in 
solution. From an alkaline solution they are completely pre- 
cipitated by hydrosulphuric acid. By sulphide of ammonium they 
are completely precipitated, either from an acid or a neutral 
solution, the free acid being neutralised by the alkali contained in 
the alkaline sulphide. 

The metals of this division are all soluble in )iilute mineral 
acids, generally with evolution of hydrogen : their sulphides, when 
treated with dilute mineral acids, evolve hydrosulphuric acid. 
The sulphides of nickel and cobalt are decomposed with difficulty 
by acetic or dilute hydrochloric acid : sulphide of zinc is insoluble, 
sulphide of manganese readily soluble, in acetic acid. All these 
metals (except zinc) form seaquiaalta, as well as protogalts : the 
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sesquisalts of manganese, cobalt, and nickel, are less stable tban 
those of iron and uranium, being reduced to protosalts on boiling 
their solutions. The protosalts are not precipitated by ammonia 
in presence of chloride of ammonium, a double salt of the metal 
and ammonium being formed, which is not decomposed by am- 
monia. The sesquisalts of these metals are completely pre- 
cipitated by ammonia in presence of chloride of ammonium. 
The presence of tartaric acid, and of many other non-volatile 
organic compounds, hinders the precipitation of the sesquisalts by 
caustic alkalis, or alkaline carbonates ; but not that by sulphide 
of ammonium. When in the form of double cyanides, these 
metals are not precipitated by sulphide of ammonium (p. 39). 
The sesquisalts are precipitated from their neutral solutions by 
digestion with carbonate of barium or of calcium^ in the cold ; 
by benzoate or succinate of ammonium ; or by heating with acetate 
of sodium. The protosalts are not precipitated under similar 
circumstances. 

1. mrickel. Ni. Atomic weight, 29. 

Found as arsenide (copper-nickel) and arsenate (nickel-ochre); 
as sulphide, both alone and combined with other metallic sulphides: 
in very small quantities, and generally accompanied by cobalt, in 
meteoric iron, olivine, manganese-ore, &c. It is a white metal, 
hard, malleable, and magnetic. It is not oxidised by the air at 
the ordinary temperature: heated in the air it is slowly and 
imperfectly converted into the oxide, Ni^O. When finely pow- 
dered, and heated in chlorine, it takes fire, and is converted into 
chloride, NiCl. 

Oxides of Nickel. Protoxide, Ni^O. Sesquioxide, Ni*0^ 
a. Protoxide of Nickel, Ni^O. — A black powder, obtained by 
igniting the hydrate, nitrate, or carbonate of nickel. It is soluble 
in acids, forming nickel-salts, which are green when in solution 
or when they contain water of crystallisation, yellow when per- 
fectly anhydrous. Their solution reddens litmus. Hydrosulphuric 
acid does not precipitate nickel-salts at all from an acid solution ; 
only very partially from a neutral solution of a salt of a mineral 
acid : acetate of nickel, or any nickel-salt m\:Led V\\\\ ^<cfeV^\» ^^ 
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sodium, it precipitates entirely on heating the solution, unless ti 
large excess of free acetic acid be present. The precipitated 
sulphide, Ni^S, is black, difficultly soluble in dilute hydrochloric 
or acetic acid, readily soluble in nitric acid, or aqua-regia. 
Sulphide of ammonium precipitates sulphide of nickel, slightly 
soluble in the reagent, forming a dark-brown solution, whence 
the sulphide is precipitated by boiling. (Hence, if the filtrate 
from the sulphide of ammonium precipitate has a brown colour, 
it is a sign of the probable presence of nickel.) Hydrocyanic acid 
precipitates all the nickel as greenish-white cyanide, CNNi, from 
acetate of nickel, or from any nickel-salt mixed with sufficient 
acetate of sodium. Cyanide of potassium precipitates the cyanide 
from all nickel-salts : excess of the reagent dissolves the cyanide 
of nickel, forming a soluble double cyanide of nickel and potas- 
sium, which is decomposed by dilute sulphuric or hydrochloric 
acid, hydrocyanic acid being evolved, and cyanide of ni«kel pre- 
cipitated, which requires boiling with excess of acid for its 
conversion into a soluble nickel-salt. Ferrocyanide of potassium 
gives a greenish white precipitate, /cmcyawtcfe a yellowish-green 
precipitate, both insoluble in hydrochloric acid. Phosphate or 
arsenate of sodium gives a greenish-white precipitate of phos- 
phate or arsenate of nickel. Oxalic acid gradually precipitates all 
the nickel as greenish- white oxalate, soluble in ammonia : when 
this solution is exposed to the air, the oxalate of nickel slowly 
separates out. Alkaline carbonates precipitate an apple-green 
basic carbonate, soluble in excess of carbonate of ammonium to a 
greenish-blue solution. Potash precipitates apple-green hydrate, 
NiHO, insoluble in excess, soluble in ammoniacal salts. Ammonia 
does not precipitate nickel-salts when free acid or chloride of 
ammonium is present: from neutral solutions it partially pre- 
cipitates the hydrate, which is soluble in excess, forming a blue 
solution, whence the hydrate is precipitated on the addition of 
sufficient potash. If but little nickel be present, the ammoniacal 
solution becomes distinctly blue only after long exposure to the 
air. All soluble nickel-salts are decomposed by heat, and are 
then not entirely soluble in water. 
h, Sesquioxide of Nickel^ Ni^O'. — The hydrate is obtained 
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when chlorine is passed through water in which hydrate of nickel 
18 suspended, or through a solution of a nickel-salt mixed with 
carbonate of barium, or through a solution of cyanide of nickel 
in presence of free alkali. Excess of dilute hydrochloric acid 
hinders its formation, decomposing it into chloride of nickel and 
fi^ee chlorine. (On this reaction depends a process for the sepa- 
ration of nickel from cobalt.) It is a very unstable compound : 
being decomposed by heat into protoxide and free oxygen ; and 
by acids into a protosalt of nickel, and chlorine (by hydrochloric 
acid) or oxygen (by other acids). 

Blowpipe reactions. — All nickel-salts, when heated with car- 
bonate of sodium on charcoal in the inner flame, are easily reduced 
to a grey metallic powder, which is attracted by the magnet. 
With horax they give, in the outer flame, a clear bead, which is 
hyacinth-red when hot^ and pale- or dark-yellow (according to 
the quantity of nickel present) on cooling : the addition of nitrate 
or any other salt of potassium gives a blue or dark-purple colour 
to the bead. In the inner flame the bead becomes grey and 
opaque, owing to the reduction of the metal. With microcosmic 
Malt they give in both flames a clear bead which is dark-yellow 
when hot, and almost colourless when cool. 

Separation and estimation of Nickel. — For the analysis of 
arsenide of nickel (natural or artificial) or of other ores which 
contain nickel and cobalt with other metals, the finely powdered 
compound is fused with 6 times its weight of a mixture of equal 
portions of nitre and carbonate of sodium, the alkaline arsenate 
thus formed extracted by water, and the remaining oxides 
dissolved in hydrochloric acid. Or the compound may be fused 
with three times its weight of sulphur and carbonate of potassium, 
the alkaline sulpharsenate formed extracted with water, and the 
residual sulphides dissolved in hydrochloric acid with gradual 
addition of nitric acid. The acid solution in either case is then 
nearly neutralised with carbonate of sodium, acetate of sodium 
added, and the whole heated to boiling, when all the iron is pre- 
cipitated. The filtrate is acidulated with hydrochloric acid« 
saturated with hydrosulphuric acid (to remove copper, bismuth, 
&c)y and filtered : the filtrate heated to ex]^e\ \iy^xo^\i\?^MTva 
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acid, and the cobalt and nickel precipitated by carbonate of so- 
dium, and separated by one of the methods hereafter described. 
Or the compound is dissolved in concentrated hydrochloric acid, 
with gradual addition of nitric acid, heated to boiling, nearly neu- 
tralised with carbonate of sodium, with addition of acetate of so- 
dium, and (unless the precipitate formed has a reddish-brown 
colour) of sesquichloride of iron also, the whole boiled for a time, 
and then filtered from the basic arsenate of iron : the filtrate, which 
is free from arsenic and iron, is then treated as before. To obtain 
pure metallic nickel, the solution containing nickel, cobalt (and 
iron), is treated with acid oxalate of potassium, which precipitates 
the oxalates of nickel and cobalt : these are thoroughly washed, 
dissolved in ammonia, and the solution allowed to evaporate spon- 
taneously, when the oxalate of nickel separates out first, while the 
cobalt-salt remains dissolved, forming a red solution. On igniting 
the oxalate of nickel pure metallic nickel is obtained. This re- 
action serves to detect very small traces of cobalt in presence of 
nickel, but it will not efiect an accurate quantitative separation 
of the two metals. 

Nickel is separated from all the metals of Group I. by the non- 
precipitation of its sulphide from an acid solution. 

Nickel is estimated as protoxide. Potash completely pre- 
cipitates nickel from its salts as hydrate (if the solution be heated): 
and the hydrate, when washed with hot water, dried, and ignited, 
is converted into protoxide. 

2. Cobalt. Co. Atomic weight, 30. 

Occurs as sulphate : as arsenate : as arsenide : as sulpharsenide 
(cobalt-glance) : and generally, in small quantity, in nickel- and 
iron-ores. It is a grey metal ; somewhat malleable and magnetic. 
It is not oxidised by the air, except at a high temperature. 
Heated in chlorine, it takes fire, and is converted into blue 
crystalline scales of chloride, CoCl. 

Oxides of Cobalt. Protoxide^ Co^O. Sesquioxide^ Co^O'. 
Cobalt also forms other intermediate oxides. 

a. Protoxide of Cobalt, Qo^O, — An olive-green powder, ob* 

tained hjr gently igniting the hydrate or carbonate out of eon- 

tact with the air. The hydrate is o^ «ii to^^-t^^ colour. Both 
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the oxide and hydrate are readily soluble in acids, forming cobalt' 
scdUy which are red when in solution, or when they contain water 
of crystallisation, blue when anhydrous, or when in solution in 
concentrated free acid. With hydrosulphuric acid and sulphide 
of ammonium^ cobalt-salts behave precisely like nickel-salts: the 
black sulphide, Co^S, is insoluble in sulphide of ammonium : when 
once formed it is very difficultly soluble in dilute hydrochloric or 
sulphuric acid, or in acetic acid. (Hence if a black residue 
remains undissolved when the sulphide of ammonium precipitate 
is treated with hydrochloric acid, it is probably sulphide of cobalt). 
A solution of a cobalt-salt mixed with acetate of sodium is com- 
pletely precipitated by hydrosulphuric acid on heating, more 
easily than a nickel-salt in similar circumstances. (Separation of 
cobalt and nickel from manganese.) When nitrite of potassium 
is added to a solution of a cobalt-salt acidulated with acetic or 
dilute nitric acid, the whole of the cobalt is precipitated as a 
yellow crystalline compound, which is decomposed by hot nitric 
or hydrochloric acid, or by potash, very difficultly soluble in 
water, insoluble in potassium-salts, and strong alcohol : hence the 
precipitate is best washed first with acetate of potassium, then 
with alcohol. This reaction is said byStromeyerto serve for the 
separation of cobalt from nickel. Cyanide of potassium gives 
with all cobalt-salts (or hydrocyanic acid with acetate of cobalt) 
a reddish-brown precipitate of cyanide, CNCo, soluble in excess 
of cyanide of potassium, in ammonia, or chloride of ammonium, 
insoluble in water or dilute acids. K the cobalt solution contains 
free acid, (so that hydrocyanic acid is set free on the addition of 
cyanide of potassium,) and if the solution of cyanide of cobalt in 
excess of cyanide of potassium be heated for a time, the addition 
of dilute sulphuric or hydrochloric acid produces no precipitate, 
all the cobalt being converted into sesquicyanide of cobalt and 
potassium (cobalticyanide of potassium), Cy^Co^K^, which is not 
decomposed by dilute acids. If the cobalt solution contain any 
nickel, the addition of hydrochloric acid to the solution of cyanide 
in cyanide of potassium produces a greenish precipitate, which 
always contains all the nickel, but only all the cobalt when a.t» 
least 3 atoms of nickel are present for every 2 atoma o^ Q,o\i«\\»\ Vcl 
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which case the precipitate consists of pure sesquicyanide of 
cobalt and nickel, Cy^Co^Ni^. If a larger proportion of nickel be 
present, the precipitate contains also cyanide of nickel, which bj 
prolonged boiling in hydrochloric acid is decomposed into hydro- 
cyanic acid and soluble chloride of nickel. If, on the other hand, 
a larger proportion of cobalt be present, the precipitate consists of 
sesquicyanide of cobalt and nickel, and some cobalt remains in 
solution as sesquicyanide of cobalt and potassium. The pre- 
cipitate of sesquicyanide of cobalt and nickel (when all the. 
cyanide of potassium and cyanide of nickel present have been de- 
composed by boiling in hydrochloric acid) is decomposed by 
caustic potash into hydrate of nickel which is precipitated, and 
sesquicyanide of cobalt and potassium which remains in solution. 
This reaction is applied as follows for the detection of nickel in 
presence of cobalt. The solution (which must not contain iron 
or manganese) is slightly acidulated with hydrochloric add, 
excess of cyanide of potassium added, and the whole heated to 
boiling: if a precipitate is produced by the addition of dilute 
sulphuric or hydrochloric acid, nickel is present. A solution 
containing cobalt as sesquicyanide of cobalt and potassium remains 
clear when mixed with an alkali and saturated with chlorine « 
the cold: if a trace of nickel be present an inky-black solution is 
produced. Ferrocyanide of potassium gives with cobalt-salts a 
green, ferricyanide, a red-brown precipitate, both insoluble in 
hydrochloric acid. Alkaline phosphates and arsenates give a 
peach-red precipitate, readily soluble in acids. Oxalic acid gives 
a pale-rose precipitate of oxalate of cobalt, which forms slowly: 
it is soluble in ammonia, and the oxalate separates out again on 
exposure to the air, but much more slowly than the oxalate of 
nickel. Alkaline carbonates precipitate a peach-red basic car- 
bonate, readily soluble to a red solution in carbonate of ammonium, 
very slightly soluble in carbonate of potassium or sodium. I^taA 
precipitates all the cobalt as a blue basic salt, which, if the air be 
excluded, is gradually converted into rose-red hydrate, CoHO; 
this change is facilitated by heat. In contact with the air it 
becomes olive-green, owing to the formation of an intermediate 
oxide. Ammonia precipitates a blue basic salt, soluble in excess 
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to a red-brown solution. If this solution mixed with chloride of 
ammonium be allowed to absorb oxygen, it becomes brown ; and 
on boiling it in strong hydrochloric acid the whole of the cobalt 
is precipitated as a peculiar compound, having the formula N^H^^ 
ClK^oK (Claude t. Chem. Soc. Qu. J. iv. 355.) If the cobalt 
solution contains free acid or an ammoniacal salt, ammonia 
produces only a red-brown solution, in which potash gives no 
precipitate. All soluble cobalt-salts are decomposed by heat, and 
after ignition are not completely soluble in water. 

b. Sesquioxide of Cobalt, Co*(y — A black powder, obtained by 
gently igniting the nitrate of cobalt. When heated it loses oxy- 
gen, and forms an intermediate oxide. The sesquihydrate is a 
black mass, obtained by passing chlorine through water in which 
the hydrate is suspended. Sesquichloride of cobalt is formed when 
a very dilute solution of cobalt containing no acid but hydrochloric 
is completely saturated with chlorine in the cold: from this solu- 
tion carbonate of barium precipitates sesquihydrate. It is decom- 
posed by most acids, with formation of a protosalt, and evolution 
of oxygen or chlorine. Acetic acid dissolves it without decompo- 
sition, forming a dark-brown solution, whence potash precipitates 
the sesquihydrate. 

Blowpipe reactions. — Cobalt-salts are reduced when heated on 
charcoal with carbonate of sodium in the inner flame, cobalt being 
separated as a grey magnetic powder, (c) With borax or micro- 
cosmic salt.thej give in both flames a dark-blue bead, the colour 
of which is scarcely aflected by the presence of any other metaL 
Separation and estimation of Cobalt, — The best reactions for 
the qualitative detection of cobalt are the blowpipe reaction, and 
the difficult solubility of its sulphide in dilute hydrochloric acid, 
in which it is less soluble than the sulphide of nickel. The least 
trace of cobalt and nickel may be detected in iron-ores or other 
minerals by dissolving the substance in hydrochloric acid, saturat- 
ing the acid solution with hydrosulphuric acid (to remove the 
metals of Group I.), adding sulphide of potassium to the filtrate, 
and washing the precipitated sulphides with cold dilute hydro- 
chloric acid. The black residue (sulphides of nickel and cobalt) 
is tested for cobalt by the blowpipe, and for nickel \)y cjMi\\'^ oi 
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potassium in its acid solution. If a large quantity of iron be 
present, it is best to remove it first by nearly saturating the acid 
solution with carbonate of sodium, and boiling with acetate of 
sodium. The general method for analysing cobalt-ores is the same 
as that described in the case of nickel (p. 143). 

The separation of cobalt from nickel is very difficult. The 
best method is that given by H. Rose. The metals, or their 
oxides, are dissolved in hydrochloric acid, the solution very largely 
diluted with water, and chlorine passed through it in the cold for 
several hours till it is thoroughly saturated. The chloride of 
cobalt is thus converted into sesquichloride, the chloride of nickel 
remaining unchanged. Carbonate of barium is then added, and 
the whole allowed to stand for twelve or eighteen hours, being 
shaken up from time to time r and then filtered. The precipitate 
is washed with cold water, dissolved in boiling hydrochloric acid, 
freed from barium by sulphuric acid, and the cobalt precipitated 
by potash. The green filtrate is also treated with sulphuric acid 
to remove any barium it may contain, and the nickel then preci- 
pitated by potash. 

Liebig's method is based on the reaction with cyanide of potas- 
sium above described. The solution of the two metals is treated 
with excess of potash and hydrocyanic acid (or cyanide of potassium 
perfectly free from cyanate) till the precipitate first formed is re- 
dissolved. The solution is boiled to expel free hydrocyanic acid, 
and mixed while warm with finely divided oxide of mercury, 
which precipitates all the nickel as hydrate and cyanide: the pre- 
cipitate, when washed and ignited, yields pure oxide of nickel 
The filtrate, which contains all the cobalt as sesquicyanide of 
cobalt and potassium, is neutralised by nitric acid, and precipi* 
tated by a neutral solution of subnitrate of mercury: the preci- 
pitate is washed, ignited, and heated in a stream of hydrogen, 
when pure metallic cobalt is left. Or the solution of the cyanides 
in cyanide of potassium may be saturated with chlorine in tht 
cold, with occasional addition of caustic potash or soda: the whole 
of the nickel is thus precipitated as sesquihydrate, while the cobalt 
remains in solution. 
Cobalt is best estimated in the metallic state. It is precipi* 
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tated by potash as a basic salt, which is converted into the hydrate 
by heat: the hydrate is washed with hot water, dried, and ignited 
in a stream of hydrogen, and the reduced metal weighed. 

3. Manganese. Mn. Atomic weight, 26. 

Found as sesquioxide (braunite); binoxide (pyrolusite) ; and an 
intermediate oxide (Hausmannite): as sulphide, carbonate, silicate, 
&c. : and in most iron-ores. It is a greyish-white, brittle, diffi- 
cultly fusible metal. It is readily oxidised by exposure to moist 
air at the ordinary temperature, forming a black powder. 

Oxides op Manganese. Protoxide, Mn^O. Sesquioxide, Mn^O^. 
Binoxide, Mn^O^. Manganic Anhydride, Mn^O^ Permanganic 
Anhydride, Mn^O^. — There are also two intermediate oxides, 
Manganoso-manganic Oxide, Mn^O (Mn204-Mn40^),found native 
as Hausmannite; and Mn^O^ (M.u!^0^-\-2Mn^0^), found native 
as Varvicite. 

a. Protoxide of Manganese. Manganous OxideMn^O, — ^A green 
powder, obtained by igniting any of the higher oxides in a stream 
of hydrogen. It readily absorbs oxygen from the air, turning 
brown. It is not reduced by ignition in a stream of hydrogen. 
It is readily soluble in acids, forming protosalts of manganese, or 
manganous salts, which are either colourless or of a pale rose- 
colour: they are mostly soluble in water, all in hydrochloric 
acid, forming colourless solutions, which are not converted into 
manganic salts by exposure to the air or boiling with nitric acid. 
All the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into the chloride, 
MnCl: hence any manganese compound, after treatment with 
hydrochloric acid, exhibits the reactions of a manganous salt. 
Manganous salts are isomorphous with magnesium-salts. Hydro- 
sulphuric acid does not precipitate a neutral solution of a man- 
ganous salt containing a mineral acid: even acetate of manga- 
nese is precipitated very slowly and imperfectly, and not at all if 
free acetic acid be present, (c) Sulphide of ammonium precipi- 
tates flesh-coloured sulphide, Mn^S, readily soluble in acetic acid, 
absorbing oxygen and turning brown on exposure to the air. 
Yellow sulphide of ammonium gives a yellowVa\i-Yi\aXft y^^^v^v 
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tate, which gradually becomes flesh-coloured bj exposure to the 
air, or more rapidly on heating. Cyanide of potassium gives a 
whitish precipitate, soluble in a large excess to a brown solution, 
which is not precipitated by sulphide of ammonium. Ferrocy- 
anide of potassium gives a reddish-white precipitate, soluble in 
acids: ferricyanide of potassium, a brown-yellow precipitate, in- 
soluble in acids. Alkaline phosphates, arsenates, oxcdates, and 
carbonates, give white precipitates. Potash precipitates white 
hydrate, MnHO, insoluble in excess : it absorbs oxygen from the 
air and turns brown, and is then not completely soluble in chloride 
of ammonium. Ammonia precipitates white hydrate from neutral 
Solutions : in solutions containing free acid or ammoniacal salts, it 
gives no precipitate : but, if sufficient ammonia be added, the 
solution, on exposure to the air, gradually deposits all the man- 
ganese as brown sesquihydrate. (c) The least trace of a man- 
ganous salt is detected by heating the solution with a little 
binoxide of lead (or minium) and nitric acid (which must be free 
from hydrochloric acid), when an intense purple-red colour is 
produced, owing to the formation of permanganic acid: the 
colour is readily perceptible when the excess of lead-oxide has 
subsided. This is the most delicate test for manganese in the 
wet way. 

b. Sesquioxide of Manganese, Manganic Oxide, Mn^O^. — A 
black powder, soluble In some acids without decomposition, form- 
ing manganic salts, which are isomorphous with sesquisalts of iron 
and aluminium. Their solution is red : potash precipitates from 
it black sesquihydrate, unless chloride of ammonium be present. 
They are very unstable, being reduced to manganous salts merely 
by heating: the same reduction is ejected, and the solution de- 
colorised, by hydrochloric, sulphurous, or nitrous acid, by any 
organic compound, &c. When any oxide of manganese, or a de- 
composable manganese-salt is heated in the air, manganoso-man- 
ganic oxide, Mn^O^ is formed. 

c. Binoxide of manganese, Mn-0^. — This is the most important 
native ore of manganese. It is a black earthy powder: the 
hydrate is brown, and is obtained when a manganous salt is pre- 

ci'pitated by a hypochlorite. When heated alone, or with sal- 



PART n. MANGANESE. 151 

phuric acid, it evolves oxygen, (3Mn20?=Mn'^OH02; Mn202 + 
SO^H2=S04Mn«+OH»+0): when heated with hydrochloric 
add, it evolves chlorine (Mn202+4ClH=2MnCH-20H2 + CP): 
with oxalic acid it evolves carbonic anhydride (Mn202 4-2C20*H* 
=C20Mn24- 2C02 + 20H2). In all these reactions, a manganous 
salt remains in solution. 

d. Manganic Anhydride, Mn^O^. Manganic Acid, Mn^O^IP. — 
This compound has never been isolated. It is only known in a 
few metallic salts (manganates). Only the alkaliue manganates 
are soluble in water. Manganate of potassium, Mn^OK^ is formed 
when a manganese compound is fused with excess of caustic potash 
or carbonate of potassium, with addition of a little nitre : it forms 
a green mass which dissolves in water to a green solution. On 
this reaction depends one of the most delicate tests for manganese 
(see Blowpipe reactions). This green solution is very unstable, 
rapidly becoming red on exposure to the air, owing to the for- 
mation of permanganic acid and depositing brown bihydrate : this 
change is retarded by the presence of excess of alkali. Nitric, 
sulphuric, or hydrochloric acid effects the change at once : with 
hydrochloric acid the red solution gradually becomes brown, and, 
when heated, colourless, manganous chloride being formed. SuU 
phurous and hydrosulphuric acids, and other reducing agents, 
decolorise the solution. 

e. Permanganic Anhydride, Mn^O^. Permanganic Acid, Mn* 
O^H^. Only known in a few metallic salts (permanganates), 
which are soluble in water, forming intense purple-red solutions. 
Permanganates are very readily reduced by organic compounds, 
and by all reducing agents (e.g, hydrochloric, sulphurous, arsenious, 
nitrous, hydrosulphuric acids, protosalts of iron, &c.), the solution 
being first turned green and finally decolorised. On its reduction 
by protosalts of iron, is founded a method for the volumetric 
estimation of iron (p. 257). 

Blowpipe reactions, — (c) All manganese compounds, when 
finely powdered and heated on platinum-foil in the outer flame, 
with 2 or 3 times their weight of carbonate of sodium and a little 
nitre, are converted into manganate of sodium, which has a green 
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colour when cold. Jf the fused mass is brown, too little nitre or 
too much of the manganese compound has been taken. The best 
way of applying the heat is to direct the hottest portion of the 
flame on the under-side of the platinum-foil, immediately beneath 
the mixture. In testing for traces of manganese in ores which 
are rich in iron, it is best to treat them with nitric acid, which 
dissolves the iron as sesquisalt, to nearly saturate the solution 
with carbonate of sodium, and precipitate the iron by acetate of 
sodium : then saturate the filtrate with ammonia, add one drop of 
sulphide of ammonium, and test the precipitated sulphide by 
fusion with nitre and carbonate of sodium. With borax and 
microcosmic salt all manganese compounds give in the outer flame 
a clear amethyst bead, which is rendered colourless in the inner 
flame. The amethyst colour is most distinct in the borax bead : 
and the decolorisation in the inner flame is most easily effected in 
the microcosmic bead. If so little manganese be present that the 
amethyst colour cannot be perceived, the microcosmic bead should 
be heated in the outer flame, and brought into contact while still 
hot with a crystal of nitre, when it swells up to a spongy mass of 
a violet colour. 

Separation and estimation of Manganese, — Manganese is sepa- 
rated from the metals of Group I. by the non-precipitation of its 
sulphide from an acid solution. Its separation from cobalt and 
nickel is not easy. The best method is to convert the mixed oxides 
into chlorides by ignition in a stream of chlorine, and to ignite 
the mixed chlorides in a stream of hydrogen, when the cobalt and 
nickel are reduced to the metallic state, while the chloride of 
manganese remains unaltered, and may be dissolved out by water. 
An easier and tolerably accurate method is to separate them bj 
hydrosulphuric acid. The solution, which must not contain much 
free acid, is mixed with acetate of sodium and saturated with 
hydrosulphuric acid, when the sulphides of cobalt and nickel are 
precipitated, while the sulphide of manganese remains dissolved. 
Or the mixed oxides are converted into sulphides by ignition in a 
stream of hydrosulphuric acid; and the mixed sulphides treated 
with very dilute cold hydrochloric acid, which dissolves the 
sulphide of manganese only. The separation by either of these 
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methods ma J be rendered almost absolute hj repeating the process 
two or three times. 

Manganese is estimated as manganoso-manganic oxide, Mn^'O^. 
It is precipitated by carbonate of sodium, the precipitate washed 
with hot water, dried and ignited, by which means it is converted 
into pure Mn^OS *"^^ so weighed. 

4. Iron« Fe. Atomic weight, 28. 

One of the most abundant of the metals. It is found combined 
with oxygen, as ferroso-ferric oxide (magnetic iron-ore), and as 
sesquihydrate or sesquioxide (red and brown haematite, specular 
iron-ore, &c.) : as bisulphide (iron-pyrites) : as carbonate (spathic 
iron-ore) : and in many other combinations. It is a greyish-white 
metal, highly magnetic. It is not oxidised by dry air at the or- 
dinary temperature : but in moist air it is gradually converted into 
sesquihydrate. Heated in the air, it becomes covered with a film of 
black oxide. It is readily soluble in dilute acids ; but nitric acid of a 
certain strength does not dissolve it under certain circumstances. 

Oxides op Iron. Protoxide, Fe^O. Sesquioxide, Fe^O^. Ferric 
Anhydride^ Fe^O^. — There is also an intermediate oxide between 
the protoxide and the sesquioxide, which is in fact a compound 
of these two oxides: its formula is Fe^O^: it is generally called 
Ferroso-ferric Oxide or Magnetic Oxide, 

a. Protoxide of Iron, Ferrous Oocide, Fe^O. — Not known in the 
separate state. The hydrate, FeHO, is precipitated white by al- 
kalis from a protosalt of iron : it is very difficult to obtain it pure, 
as it oxidises rapidly by exposure to the air : when dried it has a 
green colour, probably owing to partial oxidation. Proto^alts of 
irony OT ferrous salts, are formed by dissolving iron in acids. They 
are white when anhydrous ; but bluish-green when in solution, or 
when they contain water of crystallisation. They are decomposed 
by heat, losing their acid, and being converted into red-brown 
sesquioxide. Even in the solid state they absorb oxygen from 
the air: in solution the oxidation is much more rapid, a yellow 
basic sesquisalt separating out, while the solution contains both 
proto- and sesquisalt This solution is readily and completely 
converted into a sesquisalt by boiling with nitric acv^\ ot^ m >(^i^ 
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cold, by chlorine, hypochlorous acid, or hydrochloric acid and 
chlorate of potassium. The first action of nitric acid is to produce 
a dark- brown solution, owing to nitric oxide being dissolved in 
the unoxidised portion of the ferrous salt : on adding more nitric 
acid, or on heating, so as to oxidise the whole of the ferrous salt, 
the dark -brown colour disappears, nitric oxide being evolved. In 
order to avoid the separation of a basic sesquisalt in this reaction, 
half as much free acid as is already contained in the ferrous salt 
must be added to the solution. 

Hydrosulphufic acid does not precipitate neutral or acid solu- 
tions of ferrous salts: even acetate of iron is only partially preci- 
pitated. Sulphide of ammonium precipitates all the iron as black 
sulphide, Fe^S, insoluble in excess unless a large quantity of car- 
bonate of sodium be present, in which case it is slightly soluble. 
It is readily soluble in dilute hydrochloric acid, hydrosulphuric 
acid being evolved, and protochloride, FeCl, formed. It readily 
absorbs oxygen from the air and turns brown : hence it must be 
washed with water from which the air has been expelled by boil- 
ing, and to which a few drops of sulphide of ammonium have been 
added, (c) Ferrocyanide of potassium gives a white precipitate, 
Cy^Fe^K, insoluble in hydrochloric acid: by the action of the air 
or of any oxidising agent, it is rapidly converted into prussian 
blue, Cy^Fe^ Potash decomposes both tbese compounds, separat- 
ing ferrous hydrate in the first case, and ferric hydrate in the 
second, (c) Ferricyanide of potassium gives a dark -blue precipi- 
tate of Cy^Fe^ insoluble in hydrochloric acid, decomposed by al- 
kalis. These precipitates do not form in an alkaline solution. 
Gallic acid gives no precipitate with pure ferrous salts, Terchlo' 
ride of gold and nitrate of silver are reduced by ferrous salts, with 
separation of metallic gold and silver. Oxalic add precipitates 
yellow ferrous oxalate, insoluble in excess, soluble in hydrochloric 
acid. Alkaline phosphates and carbonates give white precipitates, 
which become dirty-green by exposure to the air. Caustic o/- 
kalis precipitate white hydrate, which becomes green and finally 
red-brown by exposure to the air. It is soluble in chloride of 
ammonium: hence ammonia gives no precipitate in a ferrous solu- 
tlon containing sufficient chloride of ammonium ; but when the 
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solution is exposed to the air, red-brown flakes of ferric hydrate 
gradually separate out. 

b. Sesquioxide of Iron, Ferric Oxide. Fe^O^ — A brown pow- 
der, obtained by igniting, at a moderate red heat, the sesqui- 
hydrate obtained by precipitating a ferric salt by ammonia. At 
a white heat it loses oxygen, and is converted into ferroso-ferric 
oxide, Fe*^0*. It is soluble in acids (more slowly after ignition), 
ioTtmng sesquisalts of iron^ or ferric salts. Their aqueous solu- 
tion is orange-red, and reddens litmus : if it contains free acid, it 
is yellow, but becomes red on boiling. On boiling a very dilute 
aqueous solution, almost all the iron separates as an insoluble 
basic salt. HydrosulphuHc acid reduces ferric salts to ferrous 
salts, with separation of sulphur, which renders the solution milky 
(2Fe2C13 + SH* =4FeCl + 2C1H + S). The same reduction is ef- 
fected by heating a ferric salt with metallic iron or zinc (Fe^CP 
+Fe=3FeCl)or with sulphurous acid (2Fe2CP -f SO^Ha + 0H« 
=4FeCl4-2ClH + SOH2). Sulphide of ammonium dl&o reduces 
ferric salts, and precipitates protosulphide, Fe'-^S, mixed with 
sulphur, which is left undissolved on addition of hydrochloric acid, 
(c) Ferrocyanide of potassium precipitates prussian blue, Cy^Fe^ 
(3Cy3FeK2+2Fe2C13=Cy9Fe7-f-6ClK), insoluble in hydrochloric 
acid, decomposed by potash into ferrocyanide of potassium and 
ferric hydrate. Ferricyanide of potassium gives no precipitate or 
change of colour, unless a trace of protosalt be present, in which 
case a dark-coloured solution is produced, (c) Sulphocyanate of 
potassium gives a dark-red colour even in very dilute ferric 
solutions, which is not destroyed by hydrochloric acid, but dis- 
appears on the addition of chloride of mercury, or of tartaric or 
phosphoric acid, and is partially reproduced on addition of hydro- 
chloric acid. Gallic add gives a bluish-black precipitate, soluble 
in free acids. Oxalate of potassium precipitates yellow ferric 
oxalate, soluble in free oxalic acid. Phosphate or arsenate of sodium 
gives a white precipitate of ferric phosphate or arsenate, insoluble 
in acetic acid, soluble in ferric acetate or chloride, or in ammonia 
in presence of excess of phosphate of sodium. Carbonate of barium 
precipitates ferric salts completely in the cold : benzoat^ o^ succm- 
ate of ammonium also precipitates all the iroii 5rot£i «ii nevjAx^^ertvi 
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solution. These reagents do not precipitate ferrous salts at all in 
the cold. Caustic alkalis and alkaline carbonates precipitate 
red-brown ferric hydrate, insoluble in excess, (except in excess of 
carbonate of ammonium,) even in presence of ammoniacal salts. 
The precipitate always contains some alkali, which cannot be 
entirely removed by washing. Non- volatile organic bodies {e,g, 
tartaric acid, sugar, &c.) hinder this precipitation, but not that by 
sulphide of ammonium. Soluble ferric salts are decomposed by 
ignition in the air. 

The reactions with ferro- and ferricyanide of potassium, and 
with sulphocyanate of potassium, enable us to detect ferrous and 
ferric salts in presence of each other. Their separation is effected 
by carbonate of barium in the cold, or by benzoate or succinate of 
ammonium in a perfectly neutral solution (the air being excluded 
as far as possible) which precipitates ferric salts completely, while 
ferrous salts remain in solution. The best way to obtain a per- 
fectly neutral solution is to add ammonia drop by drop, continually 
stirring the solution, until the slightest possible permanent pre- 
cipitate is formed. 

Ferroso-ferric Oxide, or Magnetic Oxide, Fe^CH (as well as an- 
other intermediate oxide, known as Scale-oxide, Fe^^O^ obtained 
by heating iron to redness, in contact with the air) is soluble in 
hydrochloric acid : caustic alkalis precipitate black ferroso-ferric 
hydrate from this solution. In other respects the solution behaves 
like a mixture of ferrous and ferric chloride. 

c. Ferric Anhydride, Fe^O^. Ferric acid, Fe^O^H^ — This com- 
pound has never been obtained in the separate state. It is only 
known in its alkaline salts, which are obtained in the same way 
as the manganates. Their solution is of a fine red colour: they 
are reduced even more readily than the manganates, with separa* 
tion of ferric hydrate. 

Blowpipe reactions, — All iron-salts are reduced when heated 
on charcoal with carbonate of sodium in the inner flame, metallic 
iron being obtained as a magnetic powder. With borax they 
give in the outer flame a bead which, according to the quantity 
of iron-salt present, is red or yellow when hot, yellow or colour- 
Jess when cool ; in the inner flame they give a bottle-green bead. 
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With microcosmic salt they give in the outer flame a bead which 
is yellowish-red when hot," colourless when cool : in the inner 
flame no coloration is produced unless a considerable quantity of 
iron-salt be employed, when the bead is red while hot, and reddish 
when cool. 

Separation and estimation of Iron. — Most native compounds of 
iron are dissolved by concentrated hydrochloric acid ; some re-^ 
quire the addition of nitric acid. Iron-scoriaB, which consist of 
ferrous silicates, are decomposed by hydrochloric acid : ferric 
silicates, which are not attacked by acids, are fused with car- 
bonate of potassium and sodium. For the detection of the foreign 
elements contained in cast-iron (which seldom amount to more 
than 5 p. c.) the residue left after dissolving the iron in dilute 
sulphuric acid is usually employed : it contains generally silicon, 
carbon, carbide, phosphide, and arsenide of iron, chromium, vana- 
dium, molybdenum, and sometimes cobalt. 

Iron is separated from the metals of Group I. by the non -pre- 
cipitation of its sulphide from an acid solution. F.or its separation 
from nickel, cobalt, and manganese, the following is the best process* 
The solution of the metals in hydrochloric acid is thoroughly 
saturated with chlorine, in order to convert the whole of the iron 
into sesquisalt, and then boiled, in order to reduce to protosalts 
any sesquisalts of the other metals which may have been formed. 
The solution is then carefully neutralised with ammonia, chloride 
of ammonium having been added in order to prevent the precipi- 
tation of any of the protoxides. (If the solution be very acid, 
sufficient ammoniacal salt will be formed in the process of neutral- 
isation.) Succinate of ammonium is then added, which precipi- 
tates the iron alone as ferric succinate : the precipitate is washed, 
dried, and ignited in an open platinum crucible, with full access 
of air, in order to prevent any reduction of iron by the carbon of 
the organic acid. Should any iron be so reduced, it must be re- 
oxidised by nitric acid. The sesquioxide of iron is then weighed. 
The success of this method depends on the exact neutralisation of 
the solution : this is ensured by adding ammonia drop by drop to 
the point when a permanent precipitate is first formed. The iron 
may be precipitated by carbonate of barium in t\iek c,o\^ Vck^Xa^ 
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of by succinate of ammonium : the precipitate is dissolved in 
hydrochloric acid, the barium removed by sulphuric acid, and the 
iron thrown down by ammonia. In the case of cobalt, however, 
carbonate of barium does not answer so well as succinate of 
ammonium. 

Iron is always estimated as sesquioxide. It is precipitated by 
ammonia as sesquihydrate, which, when dried and ignited, leaves 
pure sesquioxide. If potash be employed as the precipitant, the 
precipitate always contains some alkali, which cannot be removed 
by washing, but only by dissolving the sesquioxide in hydrochloric 
acid, and reprecipitating by ammonia. If any organic matter be 
present, which would prevent the precipitation of ferric oxide by 
ammonia, the iron must be precipitated as sulphide, the sulphide 
dissolved in nitric acid, and the solution precipitated by ammonia. 

5. Zinc. Zn. Atomic weight, 32*5>. 

Found chiefly as sulphide (zinc-blende): as carbonate (cala- 
mine): as silicate (zinc-glance). It is a bluish-white metal, 
malleable when pure, easily fusible. It is not oxidised by dry 
air at the ordinary temperature : in contact with water and air 
containing carbonic acid it is gradually converted into a mixture 
of hydrate and carbonate of zinc. Heated in the air it burns with 
a bright bluish flame, forming oxide of zinc. It is volatile, and 
may be distilled. It is soluble not only in mineral acids, hut 
even in matiy organic acids : also, to a certain extent, in caustic 
alkalis. 

Oxide op Zinc. Zinc-oxide, Zn^O. — A white powder, obtained 
by the combustion of the metal in the air. When heated, it 
assumes a yellow tinge, but becomes white again on cooling. It 
is not volatile. It is readily soluble in acids, forming zinc-salts: 
soluble also in alkalis. Zinc-salts are colourless, and give colour- 
less solutions. Hydrosulphuric acid gives with neutral solutions 
of zinc-salts a white precipitate of sulphide, which does not 
contain all the zinc : in solutions containing sufficient free hydro- 
chloric acid there is no precipitate. Acetate of zinc, or any zinc 
solution mixed with acetate of sodium, is completely precipitated 
bjr bjrdrosulphuric acid, even if a large quantity of free acetic 



ZINC. 159 

acid is present. Sulphide of zinc is insoluble in caustic alkalis. 
Sulphide of ammonium precipitates zinc solutions completely. 
Cyanide of potassium precipitates white cyanide, soluble in excess, 
not reprecipitated by sulphide of ammonium. Ferrocyanide of 
potassium gives a white precipitate, insoluble in hydrochloric acid. 
Oxalic add and phosphate of sodium precipitate white oxalate 
and phosphate, soluble in acids and alkalis : the phosphate is not 
precipitated in presence of chloride of ammonium and ammonia. 
Fixed alkaline carbonates precipitate a white basic carbonate, 
insoluble in excess, soluble in alkalis: chloride of ammonium 
binders this precipitation in the cold. Potash, ammonia, and 
carbonate of ammonium give white precipitates, soluble in excess, 
reprecipitated on diluting with water and boiling : soluble also 
in chloride of ammonium, (c) Hydrosulphuric acid precipitates 
the sulphide from these solutions. Most zinc-salts are decomposed 
by heat, zinc-oxide being left. 

Blowpipe reactions. — All zinc compounds, when heated on 
charcoal with carbonate of sodium in the inner flame, give an 
incrustation of zinc-oxide, which is yellow while hot, but white 
on cooling : it is not volatile in the outer flame. With borax or 
microcosmic salt they give in both flames a bead which is yellowish 
while hot, white on cooling, and opaque if much zinc-salt be 
present. If the colourless bead, or the white incrustation, be 
moistened with a dilute solution of nitrate of cobalt, and strongly 
heated in the outer flame, a fine green colour is produced. 

Separation and estimation of Zinc, — All zinc-ores are decom- 
posed by digestion in hydrochloric acid, except the sulphide, which 
requires aqua-regia. The qualitative detection of zinc is very 
easy : the precipitation of the solution of its hydrate in an alkali 
l>y sulphide of ammonium is quite characteristic of zinc. 

From the metals of Group L zinc is separated by the non-pre- 

ipitation of its sulphide from an acid solution. From iron, by 

iccinate of ammonium, or carbonate of barium, as described in the 

;8e of manganese (p. 157). From manganese by converting the 

Btals into acetates, adding free acetic acid, and saturating with 

drosulphuric acid, which precipitates the sulphide of zinc owV^ • 

any mineral acids be present in the solution^ t\ie^ ToniQX. \k^ x^* 
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moved hj precipitating the metals by carbonate of sodium, and 
dissolving the washed precipitate in acetic acid ; or, if the acids 
are volatile, by boiling the solution with sulphuric acid, and de- 
composing the sulphates thus formed by acetate of barium. From 
cobalt and nickel, zinc may be separated in the same manner as 
from' manganese, but the quantity of free acetic acid must be 
very large : or the mixture of the three oxides (obtained by adding 
carbonate of sodium to their solution, evaporating to dryness, ex- 
tracting with water, and washing and igniting the residue) may 
be heated in a stream of dry hydrogen as long as any water is 
formed, when the cobalt and nickel are reduced to the metallic 
state, while the oxide of zinc remains undecomposed and may be 
dissolved out by digestion in a concentrated solution of carbonate 
of ammonium. Zinc may also be separated from cobalt and man' 
ganese by the conversion of the latter metals into sesquisalts bj 
saturating their solution with chlorine, and then precipitating 
them by carbonate of barium in the cold. Zinc may be separated 
from nickel by mixing the concentrated solution with excess of 
potash and then with hydrocyanic acid, so that the two metals 
are dissolved as double cyanides. From this solution sulphide of 
potassium (not sulphide of ammonium) completely precipitates the 
zinc as sulphide : the filtrate is boiled with aqua-regia, and the 
nickel precipitated by ammonia as hydrate. 

Zinc is estimated as oxide. It is precipitated by boiling with 
excess of carbonate of sodium : or, as a basic salt may be formed 
in this way, it is better to pour the zinc solution into the boih'ng 
alkaline carbonate. The precipitate, when washed, dried, and 
ignited, yields zinc-oxide. Kthe zinc solution contains ammoniacal 
salts, they must be removed by boiling with enough alkaline 
carbonate to decompose them, evaporating to dryness as quickly 
as possible, dissolving out the soluble salts in a large quantity of 
water, and collecting the residual carbonate of zinc on a filter. 
When zinc is precipitated by sulphide of ammonium, the solution, 
if acid, must first be neutralised by ammonia : the sulphide must 
be allowed to subside before filtration, as otherwise it would stop 
up the filter : it is then washed with water containing a little 
sulphide of ammonium, dissolved in hydrochloric acid, and the 
solution /jrecfpitated by carbonate oi ao^Vyxm. 
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6. inraninm. U. Atomic weight, 60. 

Occurs, not abundantly, as impure uranoso-uranic oxide (pitch-blende) : 
as uranic hydrate (uran-ochre) : as phosphate^ of uranium and copper 
(uranite), &c. It is generally (Stained as a black powder, occasionally 
in small compact plates, of a silvery lustre and slightly malleable. It is 
not oxidised by the air at the ordinary temperature. Heated in the air 
it burns vividly, forming green uranoso-uranic oxide. 

Oxides or Uranium. Protoxide, U*0. Sesquioxide, U*0^. — There 
is also an intermediate oxide, uranoso-uranic oxide, U^OS which is a 
compound of protoxide and sesquioxide. 

a. Protoxide of Uranium, Uranous Oxide, U*0. — A grey powder, 
obtained from uranoso-uranic oxide by igniting it in a stream of hydrogen, 
or by heating it strongly in a blast-furnace in contact with charcoal : also 
by reducing uranic oxalate by hydrogen. The oxide is soluble only in 
strong sulphuric or nitric acid. The hydrate, UHO, is soluble in acids, 
forming uranous salts. These are green : in solution they are readily 
converted into uranic salts by exposure to the air or by treatment with 
nitric acid. Sulphide of ammonium precipitates from them black uranous 
sulphide : caustic alkalis precipitate red-brown uranous hydrate. 

b. Sesquioxide of Uranium. Uranic Oxide, U*0^. — A brick- red 
powder, obtained by heating yellow uranic hydrate to about 300°. When 
ignited it loses oxygen and is converted into uranoso-uranic oxide. The 
hydrate is soluble in acids, forming uranic salts^ which are yellow and 
mostly soluble in water to yellow solutions. Uranic oxide also forms 
compounds with alkalis. Hydrosulphuric acid gives no precipitate with 
uranic salts, but reduces them to uranous salts ; the same reduction is 
effected by alcohol or ether in the sunshine. Sulphide of ammonium pre- 
cipitates brown uranic sulphide, insoluble in excess, which deposits very 
slowly. Ferrocyanide of potassium gives a red-brown precipitate, which 
is decomposed by caustic potash into ferrocyanide of potassium and a 
yellow compound of uranic oxide with potash. Phosphate and arsenate 
of sodium and oxalic acid give yellowish- white precipitates, unless much 
free acid is present. Succinate of ammonium or carbonate of barium pre- 
cipitates uranic salts completely in the coM. Alkaline carbonates give 
pale yellow precipitates, soluble in excess, especially of carbonate of am- 
monium, reprecipitated by potash, or by boiling the solution. Caustic 
alkalis precipitate yellow compounds of uranic oxide with the alkali, 
insoluble in excess. Metallic zinc does not reduce metallic uranium fi*oni 
iiranic salts, but after a long time produces a yellow precipitate of uranic 
oxide. Soluble uranic salts are decomposed by ignition in the air. 

Uranoso-uranic Oxide, U^O* is a green powder, obtained by igniting 
Uranic oxide, or burning the metal in the air. It is soluble in acids, 
forming green solutions, whose reactions are intermediate between those 
of uranous and uranic salts. 

Blowpipe reactions, — Uranic oxide is not dissolved or reduced when 
heated on charcoal with carbonate of sodium in the inner flame. \V\lVv 
horax and microcosmic salt it gives in the outer ilame «». viVe,^\ Xivi-a.v^.^^VviNv 
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is yellow while hot, yellowish-green on cooling : in the inner flame the 
bead is green when hot, and a still purer green when cool. 

Separation and estimation of Uranium. — Uranium is detected qualita- 
tively by its precipitation by sulphide of ammonium and by alkalis, even 
in presence of chloride of ammonium : and by the solubility of uranic 
hydrate in carbonate of ammonium, by which it is dbtinguished from 
iron. 

For the extraction of uranium from pitchblende (which ffenerally con- 
tains also silica, iron, nickel, cobalt, zinc, copper, bismuth, lead, man- 
ganese, arsenic, antimony, calcium, magnesium, sulphur, and sometimes 
selenium and vanadium), the finely-powdered mineral is digested with 
moderately dilute sulphuric acid with gradual addition of nitric acid, till 
it is converted into a white powder : the excess of acid is then driven off, 
the residue digested in cold water, and the solution filtered. The residue 
contains silica, sulphate of lead, and basic sulphate and arsenate of bismuth. 
The solution, heated to about 60°, is saturated with hydrosulphuric acid, 
and allowed to stand for twenty- four hours : it is then heated to expel 
the excess of the gas, and the sulphides of arsenic, antimony, copper, lead, 
and bismuth, filtered off. The filtrate is heated to boiling, and nitric add 
gradually added till all the iron is converted into sesquisalt, and the solu- 
tion is yellow, when it is precipitated by excess of ammonia and filtered. 
The precipitate, besides ferric and uranic oxides, contains traces of 
nickel, cobalt^ zinc, magnesium, and calcium : the rest of these metals is 
in the filtrate. The precipitate is washed, and digested with a concen- 
trated solution of carbonate of ammonium, until it has the pure red-brown 
colour of ferric hydrate : it is then filtered while warm, and the filtrate 
on cooling deposits crystals of carbonate of uranium and ammonium, 
which on ignition yield uranoso-uranic oxide. The mother-liquor firom 
these crystals is then treated by sulphide of ammonium, drop by drop, tf 
long as a dark-brown precipitate (sulphides of cobalt, nickel, and zinc) is 
produced ; it is then filtered, and the filtrate boiled for a long time, when 
all the uranium is precipitated as uranate of ammonium, which on ignition 
yields uranoso-uranic oxide. The ferric hydrate still retains traces of 
uranium, which may be separated by dissolving the whole in as little 
hydrochloric acid as possible, neutralising with carbonate of ammonium, 
and pouring the solution into a mixture of carbonate and sulphide of 
ammonium, when the iron is precipitated as sulphide, while the uranium 
remains in solution. For the detection of selenium and vanadium the 
powdered ore is fused with a quarter of its weight of nitre and carbonate 
of sodium, and the fused mass treated with water, which dissolves out the 
alkaline selenates, vanadates, and arsenates. 

Uranium is separated from the metals of Group L by the non-precipi* 
tation of its sulphide from acid solutions. From nickel, cobalt, manganese^ 
and zinc, it is separated by saturating the solution with chlorine, boiling) 
and precipitating by carbonate of barium in the cold, which carries down 
the uranium only. From iron by neutralising the solution with ammoniSi 
diluting with water, and adding normal carbonate of ammonium (fi^ 
from excess of carbonic acid by boiling), which precipitates only the iroDt 
the uranium remaining in solution. 
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Uranium is estimated as uranoso-uranic oxide, or as protoxide. It is 
precipitated by ammonia, washed with water containing chloride of am- 
monium, dried, and converted by ignition into uranoso-uranic oxide, 
which is allowed to cool in a covered crucible and weighed. Or the pre- 
cipitate is reduced by ignition in a stream of hydrogen, and weighed as 
uranous oxide. If the uranium solution contain much of a fixed alkali 
or alkaline earth, the precipitate by ammonia will carry down with it 
some of the alkali or earth, which cannot be removed by ignition : in this 
case it must be dissolved in hydrochloric acid, and reprecipitated by 
ammonia. 



Group n.— Subdivision B. 

The metals of this group do not combine with sulphur in the 
wet way, and consequently are not precipitated by hydrosulphuric 
acid under any circumstaDces. Their oxides, however, being in- 
soluble in water or ammoniacal salts, are precipitated from their 
neutral or acid solutions by sulphide of ammonium, the acid by 
which they were held in solution being neutralised by the am- 
monia of the reagent, while the hydrosulphuric acid escapes.* 

The oxides of some of the metals in this group are known as 
earths : hence these metals are called earthy-metals. The earths 
are white, yellowish, or brownish powders, infusible, generally 
exhibiting a vivid incandescence on ignition : they have no alka- 
line reaction, are insoluble in water, and after ignition are diffi- 
cultly soluble in acids. They cannot be reduced to the metallic 
state by heating in contact with hydrogen or charcoal. Sulphide 
of ammonium, ammonia, and fixed alkalis throw them down from 
their salts as gelatinous precipitates. 

1. Almnlntam, Al. Atomic weight, 13*6. 

One of the most abundant of the metals. It occurs chiefly in 
combination with silica, in clays, and several minerals : also with 
sulphuric, phosphoric, and other acids. It is a white, very light 

* Or we may suppose a sulphide to be first formed and then decomposed by 

2 A1«C1» + 3(NH*)«S = A1«S» + 6NH*C1. 
A1*S» +3H«0 =A1*0> + 3H2S. 
M 2 



164 aluminium: part if. 

metal, which does not oxidise in the air even at a strong red heat. 
It is insoluble in cold, very slowly soluble in boiling, nitric acid : 
insoluble in cold dilute sulphuric acid : readily soluble in hydro- 
chloric acid. 

Oxide op Aluminium. Alumina, Al^O^. — A white powder, 
prepared by igniting the hydrate : at a strong red heat it fuses 
to a solid, very hard, mass. It is soluble in acids before ignition, 
but not very readily; the hydrate is readily soluble in acids, 
forming salts of aluminium. These are colourless, unless their 
acid is coloured : those which are soluble in water give solutions 
which redden litmus. Those which are insoluble in water are 
mostly soluble in hydrochloric acid. Many native aluminium 
compounds, which cannot be decomposed by hydrochloric acid, 
are dissolved by boiling with strong sulphuric acid: all are de- 
composed by fusion with acid sulphate of potassium, or an alka- 
line carbonate. Sulphide and carbonate of ammonium give with 
aluminium-salts a white gelatinous precipitate of hydrate, insoluble 
in excess : the ^xed alkaline carbonates and ammonia give the 
same precipitate, somewhat soluble in a large excess. Phosphate 
of sodium precipitates phosJ)hate of aluminium, very closely re- 
sembling the hydrate in appearance, and like it soluble in potash 
and in acids (not in hot acetic acid). Chloride of ammonium repre- 
cipitates the phosphate from the potash solution : alkaline silicates 
precipitate silicate of aluminium from the potash solution either of 
the phosphate or hydrate, the phosphoric acid in the former case 
remaining in solution. Chloride of barium or baryta-water added 
to the potash solution of phosphate of aluminium, precipitate all 
the phosphoric acid as phosphate of barium, while, if excess of 
potash be added and the whole heated, the alumina remains in 
solution, (c) When acid sulphate of potassium is added to a hot 
concentrated solution of an aluminium-salt, the solution on cooling 
deposits octahedral crystals of alum (sulphate of aluminium and 
potassium). Oxalic acid and soluble oxalates give no precipitate 
with aluminium-salts. Carbonate of barium in the cold precipi- 
tates all the alumina very slowly. Potash or soda precipitates the 
hydrate, readily soluble in excess, reprecipitated by chloride of 
ammonium in sufficient quantity, or by neutralisation with hydro- 
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chloric acid and sataration with ammonia. The alkaline solution 
is not precipitated by sulphide of ammonium. The aluminium- 
salts of volatile acids are decomposed bj ignition, losing their acid. 
Blowpipe reactions, — When an aluminium compound is heated 
on charcoal, moistened with nitrate of cobalt, and again heated, a 
fine blue colour is produced. 

Separation and estimation cf Aluminium. — From the metals of 
Group L aluminium is separated by hjdrosulphuric acid in an acid 
solution. It cannot be separated by potash from those metals 
whose hydrates are insoluble in potash, except in cases where the 
insoluble hydrate is present in very small proportion (not more 
than 1 p. c.) : for in other cases the insoluble hydrate always re- 
tains some alumina. From cobalt, nickel, manganese, and zinc it 
is best separated by carbonate of barium in the cold, when these 
metals, being in the form of protosalts, are not precipitated. For 
its separation from iron and uranium, the metals are precipitated 
together by sulphide of ammonium, and the precipitate boiled in 
caustic potash, and filtered. The residue, which still contains 
alumina, is dissolved in hydrochloric acid, again super-saturated 
with potash, boiled, and filtered : and this process must be re- 
peated until the alkaline filtrate gives no precipitate with sulphate 
of ammonium. The alkaline solution of alumina is then neutra- 
lised with hydrochloric acid and precipitated by sulphide of 
ammonium. Abetter method for the separation of aluminium from 
vron is to heat the acid solution to boiling, and add sulphite of 
iodium or sulphurous acid, in order to reduce the iron to protosalt, 
to neutralise with carbonate of sodium, and then to boil with 
Excess of caustic soda until the white precipitate of hydrate of 
ron is converted into black ferroso-ferric oxide, which is filtered 
>ffand the alumina precipitated as before by sulphide of am- 
monium. 

Chan eel (Comptrend. xlvi. 987) states that iron and aluminium 
Dttay be completely separated by hyposulphite of sodium, which 
Oierely reduces ferric salts to ferrous salts ; but precipitates alu- 
i&ina from salts of aluminium, being itself decomposed in the usual 
ttianner by the acid of the aluminium-salt (2Al^OT -V^^'^O^'^^ 
55Al*OH6NaCl -^3SO«^S3;. The iron and a\\im\m\3Lm \sev^^ 

H 3 
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both in the form of sesquisalt, their solution is nearly neutralised 
(if necessary) with sodic carbonate, and largely diluted* with 
water. A slight excess of hyposulphite of sodium is added in the 
cold ; (if it be added to a hot solution some ferric hydrate would 
be precipitated;) and the whole boiled as long as sulphurous 
anhydride is evolved. The precipitated alumina, which is pul- 
verulent, not gelatinous, is filtered off, washed, freed from sulphur 
by heating moderately, ignited, and weighed. The filtrate con- 
taining all the iron is concentrated by evaporation, and boiled 
with hydrochloric acid and chlorate of potassium till the separated 
sulphur is bright yellow, and begins to agglomerate : it is then 
diluted, filtered from the sulphur which is thoroughly washed, 
and precipitated by ammonia. 

Aluminium is always estimated as alumina. It is precipitated 
as hydrate by sulphide of ammonium (which is better than 
ammonia or carbonate of ammonium) : if the solution contain any 
alkaline-earthy metals, the access of air must be prevented as far 
as possible, otherwise these metals may be partly precipitated as 
carbonates. The hydrate, when dried and ignited, yields pure 
alumina, A1*0^ 

2. Oluotnimi or BerylUmn. G. Atomic weight, 4*7. 

A. rare metal, found chiefly as silicate, in some minerals. It is a white 
very light metal, which, when heated in the air or in oxygen, becomes 
coated with a thin film of oxide, which protects it from further change. 
It is soluble in hydrochloric or sulphuric acid : insoluble in cold, slowl/ 
soluble in boiling, nitric acid : soluble in potash, but not in ammonia. 
(Debray. Ann. Ch. Phys. [3.] xliv. 5). 

Oxide or Glucinum. Glticina, G'O. — A white powder, obtained by 
igniting the carbonate. It is soluble in acids, formmg salts ofghcima^ 
These closely resemble aluminium-salts in their reactions : there are, 
however, the following differences between them. Acid svdphate ofpoto*' 
stum forms no crystals with glucinum-salts : neither does carbonate of 
barium precipitate them in the cold. Alkaline carbonates precipitate car* 
bonate of glucinum, soluble in excess (especially of carbonate of ammo- 
nium) : the solution is reprecipitated on boiling. Potash precipitates 
hydrate of glucinum, soluble in excess, reprecipitated on prolonged boil* 
ing. Hydrate of glucinum is soluble in boiling chloride of ammonIoiD> 
ammonia being evolved. When treated with nitrate of cobalt before 
the blowpipe, glucinum- salts give, not a blue, but a grey colour. 

* 50 CO. solution should not conlam mox^ \&v<qxl Q*l grm. alumina. 
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Separation and estimation of Glvcinum, — Native glucinum-compounds 
(beryl, emerald, euclase, pbenacite, &c.) are coinpletelj decomposed by 
fusion with three or four times their weight of carbonates of potassium 
and sodium. 

Glucinum is separated from all the preceding metals in the same man- 
ner as aluminium. From iron it may also be separated by carbonate of 
barium. Prom aiuminium it is separated by carbonate of ammonium ; or 
by boiling the potash solution of the two hydrates ; or by carbonate of 
iMurium. 

3. Uroonlmn. Zr. Atomic weight, 22'4. 

A rare metal, found as silicate in some minerals (zircon, &c.)< It is 
obtained as a black powder, which burns with a bright flame when 
heated in the air. It is scarcely soluble in any acids except hydro- 
fluoric acid. 

Oxide op Zibconium. Zirconia, Zr^O. — A white powder, obtained 
by the combustion of zirconium in the air ; also by igniting the hjrdrate. 
After ignition it is soluble in no acids but strong boiling sulphuric acid. 
The hydrate is readily soluble in acids, forming zirconium^alts. Sul- 
phate of potassium precipitates a white sulphate of zirconium and potas- 
sium, insoluble in water, and, if precipitated from a hot solution, insoluble 
in hydrochloric acid. Oxalic acid precipitates white oxalate, insoluble 
in excess, difficultly soluble in hydrochloric acid. Alkalis and alkaline 
carbonates give white precipitates insoluble in excess, except in excess of 
carbonate of ammonium : the solution is reprecipitated on boiling. 

Separation and estimation of Zirconium, — Native zirconium com- 
pounds are decomposed by fusion with carbonate of sodium. The fused 
mass is treated with water, which dissolves the alkaline silicate, leaving a 
crystalline residue of silicate of zirconium and sodium, from which 
the silica is removed by evaporation to dryness with hydrochloric acid. 
After filtering off the silica, the zirconium is precipitated as hydrate by 
ammonia. 

From most of the preceding metals of this group, zirconium may be 
approximately separated by the solubility of its hydrate in carbonate of 
ammonium. From aluminium it may be separated by potash. From 
manganese by ammonia in presence of chloride of ammonium. From 
glvcinum^ according to Berthier, by suspending the hydrates in water, 
passing sulphurous anhydride into them till they are completely dissolved, 
and boiling the solution: when the zirconium is precipitated as a basic 
sulphite, while the glucinum remains dissolved. None of these separa- 
tions are complete. 

Zirconium is estimated as oxide. It is precipitated as hydrate by 
ammonia, and the precipitate on ignition yields pure zirconia. 

4. Tborlum. Th. Atomic weight, 59*5. 

A very rare metal, only found in thorite, monacite, and pyrochlorite. 
It is obtained as a black powder, which burns brilliantly when heated in 
the air. It is most soluble in hydrochloric acid. 

OxiDB OP Thorium. Thoria. Th^O. — A yf\i\Vje i^o^^er^ ^\.iJwi<i^V3 

K 4 
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the combustion of the metal in the air, or by igniting: the hydrate. 
After ignition it is soluble only in strong boiling sulphuric acid. The 
hydrate is readily soluble in acids, forming thorium'fialfs, which closely 
resemble zirconium-salts in their reactions. The double sulphate of 
thorium and potassium differs from the corresponding zirconium-salt by 
being soluble in hot water. It is insoluble in a saturated solution of sul- 
phate of potassium. 

Separation and estimation of Thorium. — Thorium may be separated 
from the preceding metals, except zirconium, by completely saturating 
their solution with sulphate of potassium. The precipitate is dissolved in 
hot water, and the thorium precipitated as hydrate by ammonia. From 
aluminium and gludnum it is also separated by potash. No method is 
known for separating it from zirconium. 

Thorium is estimated as oxide. It is precipitated by ammonia as 
hydrate, which on ignition yields pure oxide. 

Thorite is completely decomposed by digestion with concentrated hy- 
drochloric acid. 



5, Tttrlnm. Y. Atomic weight, 35. 
Terbinin. Tr. 
Srbium. E. f — ---*o 



r. 1 

> Atomic weight not determined. 



These very rare metals exist in a few minerals (gadolinite, orthite, 
yttrotantalite). They are scarcely known in the metallic state. Their 
oxides, yttria, Y*0, terbia, Te^O, and erbia, E^O, always occur together, 
and no method for their separation is known. They differ from most other 
earths in being readily soluble in acids after ignition. Yttria and terbia 
are white : erbia is dark-yellow. They are insoluble in fired alkalis: 
soluble in carbonate of ammonium, hut less readily than glucina. Oxalic 
acid gives a white precipitate with their salts, insoluble in water. Acid 
sulphate of potassium precipitates a double salt, slowly soluble in a large 
quantity of water, more soluble in a saturated solution of sulphate of 
potassium. Carbonate of barium does not precipitate them, either in the 
cold or on heating. 

Separation and estimation of Yttrium. — Yttrium is separated from 
aluminium by carbonate of barium. From gludnum by oxalic acid : or 
better, by calcining the earths with some organic body (e. g, sugar) and 
heating the mixture in a stream of chlorine, when chloride of glucinum 
volatilises, while chloride of yttrium remains behind. No method is 
known for its separation from zirconium and thorium. Ammonia preci- 
pitates erbia before terbia, and terbia before yttria : but no complete sepa- 
ration can thus be effected. 

Yttrium is estimated as oxide, obtained by igniting the hydrate preci- 
pitated by ammonia. 

6. Cerinin. Ce. Atomic weight, 46. 
Xiantlianiiiii. La. Atomic weight, 46. 
Didsrinliiin. Di. Atomic weight, 48. 

These rare mefals are always found lo«;ether : they occur in a few 
minerals, the most abundant ot* whick la cwVx.^^ vjl «^vi^\.<i q.1 \3tt«a,^ three 
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metals, iron, and calcium. Little is known of them in the metallic state, 
except that they dissolve readily in acids. 

Oxides op Uebium. Protoxide^ CeO. Sesquioxide^ Ce*0^. 

a. Protoxide of Cerium, Cerous Oxide. Ce^O. — It is doubtful whether 
this compound has been obtained pure. The hydrate is readily obtained 
by precipitating the chloride with a caustic alkali. It dissolves readily 
in acids, forming ceraus salts, which have the following reactions. Oxalic 
acid precipitates white oxalate, insoluble in excess, converted by ignition 
into ceroso-ceric Oiide. Add sulphate of potassium separates gradually a 
crystalline double salt, nearly insoluble in pure water, quite insoluble in a 
saturated solution of sulphate of potassium. Alkaline carbonates give a 
white precipitate, scarcely soluble in excess, (c) Potash precipitates 
white hydrate, insoluble in excess, converted into yellow sesquihydrate 
by the action of chlorine or hypochlorous acid. Ammonia precipitates a 
basic salt. 

b. Sesquioxide of Cerium. Ceric Oxide, Ce^O^. — It is doubtful 
whether this compound has been obtained pure. The salmon-coloured 
powder obtained by igniting cerous oxalate or hydrate, is not pure ceric 
oxide, but a mixture of cerous and ceric oxides (ceroso-ceric oxide), not 
quite constant in its composition. If oxide of didymium be present, it 
has a red-brown colour, and dissolves in boiling hydrochloric acid. 
When pure it dissolves only in strong boiling sulphuric acid, form- 
ing a yellow solution, whence potash precipitates a yellow hydrate, which 
is readily soluble in acids, forming ceric salts. Their solutions are yellow, 
and are converted into cerous salts by boiling with hydrochloric acid. 
According to Bun sen (Ann. Ch. Pharm, cv. 1), when dry cerous oxalate 
is heated with magnesia alba, a cinnamon -brown powder is obtained, 
which contains all the cerium in the form of sesquioxide. 

Oxide of Lanthanum, La^O. — A white powder, obtained by igniting the 
hydrate or carbonate in a covered crucible : ignited in the air it turns 
brown, probably from the partial formation of a higher oxide. It dis- 
solves readily in acids, even after ignition, forming lanthanous salts : it is 
also soluble in boiling chloride of ammonium. Potash precipitates white 
hydrate, completely soluble in chlorine-water, without the formation of 
any yellow deposit. This is the only reaction in which lanthanum differs 
from cerium. Lanthanous salts are colourless if quite free from 
didymium. 

Oxide of Didymium, Di*0. — A white powder, obtained in the same way 
as oxide of lanthanum. It is readily soluble in all acids, and in ammo- 
niacal salts. Didymium-salts are rose-coloured, or violet : the hydrate is 
pale rose-colour. Their reactions closely resemble those of lanthanum- 
salts. 

Blowpipe reactions. — All cerium compounds give with borax or micro^ 
cosmic salt in the outer flame a clear bead, which is dark-red while hot, 
colourless on cooling : in the inner fiame^ a colourless bead, or, if excess 
of oxide of cerium be present, a yellow opaque bead. Lanthanum com- 
pounds give colourless beads. Didymium compounds give pale rose- 
soloured beads in the inner flame. 

Separation and estimation of Cerium, Zanthanum, and Did-ymxum.-^ 
Cerite is decomposed by boiling for some hours m8tronw\i^dioc^Qnc\ft.^^^^ 
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silica being separated. The solution is treated with ammonia, which pre- 
cipitates all the metals except calcium. The precipitate is redissolved in 
hydrochloric acid, and oxalic acid added in excess, which gives a pale 
rose-coloured precipitate of oxalates of cerium, lanthanum, and didy- 
mium. By ignition this is converted into a red-brown mixture of the 
three oxides, from which the oxides of lanthanum and didymium may be 
completely dissolved by boiling for some hours with a concentrated solu- 
tion of chloride of ammonium (Watts); or by treatment first with dilute, 
and then with strong, nitric acid (Marignac). Thb effects a complete 
separation of cerium from lanthanum and didymium. The only method 
for separating lanthanum from didymium is one founded on the different 
solubility of their sulphates : but it is not sufficiently exact for quanti- 
tative purposes. 

The three metals are separated from all the metals of Group II., Sub- 
division A., by means of a saturated solution of sulphate of potassium. 
From aluminium, by carbonate of barium. From glucinum' &nd yttrium 
by sulphate of potassium. From zirconium and thorium (only approxi- 
mately) by sulphate of potassium. 

Since the composition of ceroso-ceric oxide, obtained by the ignition of 
cerous oxalate or hydrate, is not quite constant*, cerium cannot be esti- 
mated in this form with perfect accuracy. It is better to precipitate the 
hydrate by potash, dissolve it in dilute sulphuric acid, evaporate to dry- 
ness, and heat the residue to commencing redness, when pure sulphate of 
cerium, SO^Ce', is obtained. Lanthanum and didymium are estimated as 
oxides, obtained by igniting the hydrates or oxalates in a covered crucible. 

7. Titanium. Ti. Atomic weight, 50. 

Occurs as titanic anhydride (rutil, anatase, and Brookite) : as titan- 
ate of calcium (titanite), of iron (titaniferous iron ) : as a compound of 
cyanide and nitride of titanium in bright copper-coloured crystals which 
are found in blast-furnaces in which titaniferous iron has been smelted. 
These crystals were supposed, till lately, to be metallic titanium. It is 
a dark-green powder, which burns very brilliantly when heated in 
oxygen or chlorine. It is soluble in warm hydrochloric acid. 

Oxides of Titanium. — The most important oxide is 

Titanic Anhydride, TiO*. — A white powder, insoluble in water or 
acids (except hydrofluoric and strong sulphuric acids) obtained by the 
combustion of the metal in oxygen, or by igniting titanic acid. • 

Titanic Acid, TiO^H^, is obtained by precipitating a solution of thechl^'' 
ride, TiCl*, by ammonia: it is white, insoluble in water, soluble in aciJf? 
even after drying over sulphuric acid. But titanic acid, like silici^J 
acid, appears to exist in an insoluble, as well as a soluble, modification: 
for when an acid solution of titanic acid is boiled, the titanic acid is re- 
precipitated, and is insoluble in acids ; it is converted into the soluble 
modification by fusion with acid sulphate of potassium. Both modified' 
tions exhibit vivid incandescence when ignited, and are converted into 

♦ Bun sen (Ann. Ch. Pharm. cv. 1) states that the composition of this oxide 
is expressed by the formula Ce«0*=CCe»0 + Ce*0»). 
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titanic anhydride. With an acid solution of titanic acid, oxalic acid 
gives a white precipitate : ferrocyanide of poUissium gives a red-brown 
precipitate (which is green if iron is present), (c) Gallic acid gives 
an orange-red precipitate. Alkaline sulphides and carbonates^ and caus^ 
tic alkalis precipitate titanic acid, insoluble in excess : this precipitation is 
prevented by tartaric acid, not by chloride of ammonium. Carbonate of 
barium precipitates titanic acid completely in the cold. An acid solution 
of titanic acid is reduced by metallic zinc, iron, copper, or tin, a blue 
solution being formed, whence a violet precipitate gradually separates. 
A solution of titanic acid in sulphuric acid is completely precipitated 
by boiling : a hydrochloric acid solution only partially : the precipitation 
is facilitated by the addition of sulphite of sodium. 

When titanic anhydride is ignited in a stream of hydrogen, it is con- 
verted into black sesquioxide, Ti*0', insoluble in nitric or hydrochloric 
acids, soluble (to a violet solution) in sulphuric acid. (Ebelmen.) 

Blowpipe reactions, — ^Titanic anhydride is not reduced to the metallic 
state when heated on charcoal with carbonate of sodium in the inner 
flame : this reaction distinguishes titanium from tin. With microcosmic 
salt (less easily with borax) titanic anhydride gives in the inner flame a 
bead which is violet while hot, yellowish on cooling : the colour disappears 
in the outer flame. If iron be present, a blood-red bead is produced. 
The formation of the violet colour is fa(ulitated by the addition of me- 
tallic tin : it is more easily obtained on charcoal than on platinum-wire. 

Separation and estimation of Titanium. — To obtain titanic anhydride 
from rutil or titaniferous iron, the mineral is finely powdered and fused 
with four times its weight of alkaline carbonate, and the fused mass 
treated with cold water, when crystalline alkaline titanate, together with 
ferric oxide, remains undissolved. This is dissolved in hydrochloric acid, 
and the solution boiled, with addition of sulphite of sodium, when the 
titanic acid is precipitated : or the solution is precipitated by sulphide of 
ammonium, and the precipitate washed with sulphurous acid, which dis- 
solves the sulphide of iron as hyposulphate, leaving the titanic acid un- 
dissolved. Or the mineral may be fused with six times its weight of acid 
sulphate of potassium, and treated as above : the precipitation of titanic 
acid by boiling being more complete from a sulphuric acid solution. 
Another method is to treat the fused mass in a platinum crucible 
with dilute hydrofluoric acid, to purify the fluotitanate formed by 
re-crystallisation from hot water, and to convert it into titanate of 
ammonium b^ boiling in aqueous ammonia : on ignition, the titanate of 
ammonium yields titanic anhydride. Titanite is decomposed by gentle 
ignition with acid sulphate of ammonium. 

From the metals of Group II., Subdivision A., titanium is separated by 
adding tartaric acid to the acid solution, and then excess of ammonia 
(which should produce no precipitate), and then sulphide of ammonium, 
which precipitates everytning but the titanic acid. The filtrate is 
evaporated to dryness, and the residue ignited till the carbon of the 
organic acid is entirely burnt (which is best done in a mufl^e- furnace) : 
pure titanic anhydride is left. From aluminium and gltu5iuum\A\axv\\sss^Nak 
separated by the precipitation of titanic acid by \io\Y\xv^ itwa. «b ^\i\:^KS5xvi 
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acid solution : from yttrium in the same way, or by carbonate of barium. 
From cerium, by sulphate of potassium. No accurate method is known 
for its separation from zirconium, which often occurs with it. 

Titanium is estimated as titanic anhydride. It is precipitated by 
ammonia as hydrate, which, when ignited, yields titanic anhydride. A 
large excess of ammonia must be avoided, as some of the titanic acid 
would be redissolved therein. 

8. Tantalum. Ta. Atomic weight, 137*6. 

Found in a few rare minerals (tantalite, yttro- tan tali te, &c.). It is a 
black powder, insoluble in acids, except in a mixture of nitric and 
hydrofluoric acids. 

Oxide of Tantalum. Tantalic Anhydride, TaO^. — A white powder, 
insoluble in acids, obtained by igniting the hydrate. It can only be made 
soluble by fusion with potash or carbonate of potassium, when it forms 
tantalate of potassium, soluble in water. The hydrate, tantalic acid, is 
obtained by precipitating tantalate of potassium by hydrochloric acid, or 
by decomposing chloride of tantalum, TaCl*, by water containing a 
little ammonia. It is soluble in excess of hydrochloric acid. Carbonic 
anhydride, passed through a solution of an alkaline tantalate, precipitates 
all the tantalum as an acid tantalate. Sulphide of ammonium gives no 
precipitate. Chloride of barium precipitates tantalate of barium, insoluble 
m water or ammoniacal salts. Gallic acid gives a light-yellow precipitate, 
soluble in alkalis. Ferrocyanide of potassium gives in a slightly acidu- 
tated solution, a yellow precipitate : ferricyanide of potassium, a white 
precipitate. Metallic zinc does not change an acidulated solution of 
a tantalate : but in a solution of chloride of tantalum in sulphuric or 
hydrochloric acid, to which a little water is added, it gives a fine blue 
colour, which soon disappears without changing to brown. 

Blowpipe reactions, — Tantalic acid is not reduced by heating on char- 
coal with carbonate of sodium in the inner flame. With borax and 
microcosmic salt it gives in both flames colourless beads, which do not 
become red on addition of an iron-salt. 

Separation and estimation of Tantalum. — Tantalite is analysed by 
fusion with six times its weight of acid sulphate of potassium : the fused 
mass is treated with water, which dissolves out sulphates of potassium, 
iron, and manganese, leaving a residue of titanic acid, stannic and 
tungstic acids, and ferric oxide. By digestion in sulphide of ammonium 
the stannic and tungstic acids are removed, and the iron converted into 
sulphide : the residue is filtered off, the sulphide of iron dissolved by 
hydrochloric acid, and the residual tantalic acid converted by ignition 
into tantalic anhydride. 

Tantalic anhydride is distinguished from titanic anhydride, which it 
much resembles, by its blowpipe reactions, by its insolubility in strong 
sulphuric acid, and by its forming a compound insoluble in water when 
fused with acid sulphate of potassium. This last reaction affords the 
best method for separating tantalum from titanium, yttrium, zirconium, 
man^^anese, and other metals with which it frequently occurs. It is dis- 
tinguisbed from silicon by its blowpipe xeactiona^^LXi^Vi'^ tlie behaviour of 
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chloride of tantalum with zinc. It is separated from silicon by yolatilising 
the latter as fluoride. The same method serves for the separation of 
tiianium from silicon. 
Tantalum is estimated as tantalic anhydride. 

9. srioblmn or ColmnbloiBu Nb. Atomic weight not determined. 

Occurs in a few rare minerals (columbite, Bavarian tantalite). It is 
a black powder, soluble in hydrochloric, hydrofluoric, and sulphuric acids, 
not in nitric acid. (Rose. Pogg. Ann. civ.) 

Oxides op Niobium. — Niobium forms two oxides, whose composition 
has not been determined, Niohous and Niohic Anhydrides. Rose has 
lately determined that these two'oxides contain the same metal : formerly 
he regarded the latter as the oxide of another metal, which he called 
Pelopium. 

Niohous Anhydride is a white powder, insoluble in acids, obtained by 
heating the metal in the air, or by igniting niohous acid. This is obtained 
by decomposing the chloride with water, or an alkaline niobite by hydro- 
chloric acid. It is scarcely soluble in hydrochloric acid. A solution of 
an alkaline niobite, acidulated with hydrochloric or sulphuric acid, gives 
a red precipitate with ferrocyanide of potassium^ bright yellow with 
ferricyanidej orange- red with gallic acid. Zinc gives a blue colour, which 
changes to brown; 

Niohic Anhydride closely resembles tantalic anhydride. It is insoluble 
in all acids after ignition. From its alkaline solutions acids precipitate 
niohic add. soluble in excess of hydrochloric acid, from which solution it 
is reprecipitated by sulphuric acid at boiling heat. The acidulated solu- 
tion of an alkaline niobate gives a brown-red precipitate with ferro- 
cyanide of potassium^ white with ferricyanide^ orange-yellow with gallic 
acid. With ziwc, alkaline niobates and chloride of niobium behave exactly 
like the corresponding tantalum-compounds. 

Blowpipe reactions, — With horax in the outer flame niobous anhydride 
gives a colourless bead : in the inner flame a greyish-blue bead, if suffi- 
cient anhydride be present to make the bead opaque on cooling. With 
microcosmic salt it gives in the outer flame a colourless bead : in the inner 
flame a violet or blue bead, the colour disappearing in the outer flame. 
The addition of an iron-salt produces a blood -red colour. Niobic anhy- 
dride behaves like tantalic anhydride with horax. With microcosmic salt 
it gives in the outer flame a colourless bead : in the inner flame a light- 
brown bead, tinged with violet, the colour disappearing in the outer 
flame, and being turned blood-red by an iron-salt. 

Separation and estimation of Niohium, — The methods for the analysis of 
niobium compounds and for the separation of niobium from other metals, 
are the same as those given in the case of tantalum. No method is 
known for separating it from tantalum. 

10. €liroiiilaiii* Cr. Atomic weight, 26'2. 

Occurs as sesquioxide (chrome-ochre) : as sesquioxide combined 
with ferrous oxide (chrome-iron-stone) ; as ciViTom^A,^ ^i V,-^^, %.^. 
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It is a greyish-white, non-magnetic metal, which does not oxidise 
in the air at any temperature: in the compact state it is soluble 
only in hydrofluoric acid. 

Oxides op Chromium. Sesquioxide, Cr^O^. Chromic anhy- 
dride, Cr^O^ — There are several other oxides of chromium, e, g. 
Protoxide^ Cr^O, and four more intermediate between the sesqui- 
oxide and anhydride : but, as they are readily converted into one 
or other of the two mentioned above, it is not necessary to go into 
details respecting them. 

a. Sesquioxide of Chromium, Chromic Oxide, Cr*0'. — A green 
powder, obtained. by igniting the hydrate. A solution of sesqui- 
chloride of chromium is obtained by boiling a solution of bichro- 
mate of potassium, and adding hydrochloric acid and alcohol in 
small quantities until the solution has a deep-green colour, and 
ceases to evolve carbonic anhydride : from this solution ammonia 
precipitates sesquihydrate of chromium, of a bluish-green colour, 
which by ignition is converted into sesquioxide. The sesquioxide 
is insoluble in acids : by fusion with an alkaline carbonate and a 
little nitre, it is oxidised into chromic acid, which is dissolved out 
by water as an alkaline chromate. The hydrate is soluble in acids, 
iovmmg sesquisaUs of chromium or chromic salts. These salts are 
always coloured : there appear to be two modifications of chromic 
oxide, one of which forms green, the other violet, salts. Their 
solutions are green or violet: by transmitted light, purple-red. 
Sulphide of ammonium precipitates chromic hydrate, insoluble in 
excess. Alhaline carbonates give greenish precipitates, somewhat 
soluble in excess. Carbonate of barium precipitates the hydrate 
completely but slowly in the cold. Ammonia precipitates the 
hydrate, not quite insoluble in excess. Fixed alhalis precipitate 
the hydrate, readily soluble in excess to a green solution, which is 
repreci pita ted on boiling. Zinc slowly reduces chromic chloride 
when air is excluded, a flne blue colour being produced. Soluble 
chromic salts are decomposed by heat. 

b. Chromic Anhydride, Cr^O^. — A scarlet, crystalline solid, 
which is decomposed by heat, losing oxygen, and being converted 
into chromic oxide. It deliquesces in the air, and is very so- 

Juble in water, forming a dark-brown solution of Chromic Acid, 
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Cr^CHH^ : a dilate solution is yellow. The alkaline chromates 
are soluble in water, and are isomorphous with the corresponding 
sulphates : the normal salts are yellow, the acid salts red. The 
chromates of strontium, calcium, and magnesium are also soluble : 
all others insoluble in water, soluble in nitric acid. All chro- 
mates are coloured. Chromic acid is a powerful oxidising agent, 
bleaching vegetable colours, and being itself reduced to chromic 
oxide. All chromates are reduced by heating with strong sul- 
phuric acid, oxygen being evolved and chromic sulphate formed 
(2Cr«0*H> + 3S04H> = S^O^^Cr* + 50W + O^) : with strong 
hydrochloric acid, chlorine is evolved, and chromic chloride formed 
(Cr2OH2+6ClH=Cr2C13+40H2H-C13). Solutions of alkaline 
chromates are also reduced by hi/drosulphuric, sulphurotts, and 
oxalic acids ; by protosulphate of iron ; by chloride of tin on addi- 
tion of hydrochloric acid ; by zinc on addition of dilute sulphuric 
acid ; by alcohol, sugar, and other organic compounds, in presence 
of free acid. The same reduction is effected by heating a solid 
chromate with chloride of ammonium, charcoal, or sulphur. If 
sufficient free acid be present, the chromic oxide formed remains 
in solution : if not, hydrosulphuric acid precipitates chromic 
hydrate mixed with sulphur. The same precipitate is produced 
by sulphide of ammonium. Barium-salts give with soluble chro- 
mates a yellow precipitate : lead-salts, a lemon-yellow, silver-salts, 
a purple-red, and subsalts of mercury, a brick-red, precipitate, 
which is converted by ignition into chromic oxide. Chromate of 
lead is soluble in potash, (c) A solid chromate, heated with per- 
fectly dry chloride of sodium and fuming sulphuric acid, gives off 
red vapours of chlorochromic acid, CrSQ^CP (Cr20H2 + 2ClNa+ 
SOm> = Cr202C12-i-SCHNa2+20H2), which are decomposed by^ 
water into chromic and hydrochloric acids (Cr20-C12+20H2= 
Cr>0*H2 ^ 2C1H). ( See p. 26.) 

Blowpipe reactions, — Chromium compounds cannot be reduced 
to the metallic state by heating on charcoal with carbonate of 
sodium in the inner flame. With borax and microcosmic salts, 
oxides of chromium give dark-green beads in either flame. 

Separation and estimation of Chromium, — Chrome-iron-ore is 
analysed by fusing the finely powdered in\ii^T«\ m ^ ^•^^\»»ssi. 
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crucible with four times its weight of bisulphate of potassium: to 
the fused mass, when cool, twice its volume of a mixture of equal 
parts of nitre and carbonate of sodium is added, and the whole 
again fused. The whole of the chromium is thus converted into 
an alkaline chromate, which is dissolved out with water : the 
yellow solution is exactly neutralised ^ith nitric acid, and pre- 
cipitated by subnitrate of mercury ; or reduced by hydrochloric 
acid and alcohol and precipitated by ammonia : the precipitate 
in either case yields on ignition pure chromic oxide. Chromate 
of lead is analysed by digestion with fuming hydrochloric acid 
and alcohol, when the chromium is dissolved as sesquichloride, 
while chloride of lead remains behind. 

In a solution containing chromic acid, together with chromic 
oxide, the former may be estimated by precipitation from the 
perfectly neutral solution by subnitrate of mercury. From most 
of the metals of Group I. chromium is separated by hydrosulphuric 
acid in an acid solution. From molybdenum^ wolfram^ and vana- 
dium, by converting the chromium entirely into chromic oxide 
by means of hydrochloric acid and alcohol, expelling excess of 
alcohol by heat, adding ammonia and sulphide of ammonium, and 
heating, when the chromium alone is precipitated as sesquihy- 
drate, the other metals being converted into soluble sulpho-salts. 
Chromium cannot be separated from iron by means of potash: 
for, if the iron be in excess, some chromic hydrate remains un- 
dissolved ; and if the chromium be in excess, some ferric hydrate 
is dissolved. Chromium is best separated from all metals of 
Group II., Subdivision A, (except manganese)^ by fusion with 
nitre and carbonate of sodium, and dissolving out the alkaline 
chromate with water, the other metals remaining undissolved as 
oxides. Another method is to treat the solution with excess of 
potash, and heat it with binoxide of lead, when the chromium is 
all converted into chromate of lead, which remains dissolved in 
the alkaline solution, and, after filtration, is precipitated from it 
by saturating the filtrate with acetic acid. (Chancel. Compt 
rend, xliii. 927.) The oxidation of chromium-salts may also be 
effected by boiling with hypochlorite of sodium. From manganese, 
eodaU, nickel, and zincy it may be separated by carbonate of 
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barium.. From aiumifnum and ghtcinum hj repeated boiling with 
excess of potash : or better, as above, bj fusion with nitre and 
carbonate of sodium, or by heating with potash and binoxide of 
lead. 

Chromium is generally estimated as chromic oxide. If any 
chromic acid be present, it is reduced to chromic oxide by 
hydrochloric acid and alcohol : the chromium is then precipitated 
by long boiling with ammonia (avoiding excess) as hydrate, ignited, 
and weighed. K chromic acid only be present, it may be pre- 
cipitated at once by subnitrate of mercury. Or chromic acid 
may be ^timated directly by means of oxalic acid, which re- 
duces it to chromic oxide, being itself converted into carbonic 
anhydride. K the reduction be effected in an apparatus for the 
estimation of carbonic acid, the carbonic anhydride may be esti- 
mated by the loss of weight, and the amount of chromic acid 
calculated therefrom, 3 eq. carbonic anhydride corresponding to 
1 eq. chromic acid (2Cr''CHH2 + 3C204H2=Cr*03 + 6CO-' + 50H2). 
For the volumetric estimation of chromic acid, see p. 252. 



GEOXTP in. 

Xetals which are not precipitated by hydrosulphuric acid or 
sulphide of ammonium: but are precipitated more or less 
completely by normal carbonate of ammonium. 

These are barium, strontium, calcium, and magnesium. They 
are known as the metals of the alkaline earths, or alkaline-earthy 
metals. 

These metals decompose water, and are oxidised by moist air 
at the ordinary temperature. Their oxides, the alkaline earths, 
are more or less soluble in water, except that of magnesium, 
which is insoluble: the hydrate of magnesium is also difficultly 
soluble. The solutions have a powerful alkaline reaction. Their 
normal carbonates and phosphates are insoluble in water: hence 
they are precipitated from their neutral solutions by soluble 
normal carbonates and phosphates. Their oxides decompose 
chloride of ammonium either at the ordinary te;TXi^^T^\.>Mi^ ot ^x» 
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boiling heat, ammonia being evolved, and the metal dissolved as 
chloride. Their sulphates differ in solubility ; sulphate of barium 
is insoluble in water or dilute acids ; sulphate of strontium is very 
slightly soluble; sulphate of calcium somewhat more soluble; 
sulphate of magnesium readily soluble. Since the sulphides of 
these metals are either soluble in, or decomposed by, water, they 
are not precipitated by hydrosulphuric acid under any circum- 
stances: nor are they precipitated by sulphide of ammonium 
unless they are present as salts which are insoluble in water, 
but soluble in free acid (e. g. phosphates), in which case, the free 
acid being neutralised by the ammonia in the sulphide of ammo- 
nium, the. salt is precipitated undecomposed. Under certain 
circumstances, therefore, these metals may appear in the sulphide 
of ammonium precipitate (see p. 198). 

1. Barium. Ba. Atomic weight, 68*6. 

Occurs chiefly as sulphate (heavy-spar), and as carbonate 
(witherite). It is a silver-white metal, readily soluble in acids. 

Oxide op Barium. Baryta, Ba^O. — A greyish friable mass, 
obtained by the oxidation of the metal in the air, or by ignition 
of the nitrate. It combines with water very readily, evolving 
great heat, and forming hydrate of barium, BaHO, which after 
fusion forms a white crystalline solid, readily soluble in water. 
The solution is known as baryta-water : it has a strong alkaline 
reaction, and readily absorbs carbonic anhydride from the air, the 
whole of the barium being gradually precipitated as carbonate, 
(c) Sulphuric acid or soluble sulphates, even the sulphates of 
calcium or strontium, precipitate barium completely from all ita 
salts as sulphate, SO*Ba^ insoluble in water, dilute acids, or 
alkalis.* Chromate or bichromate of potassium precipitates yellow 
chromate of barium, soluble in nitric acid (distinction of barium 
from strontium and calcium), (c) Fluosilicic acid gives a white 
crystalline precipitate, very slightly soluble in water, insoluble in 
alcohol or dilute acids. Oxalic acid gives no precipitate, except 

* The precipitation of insoluble barium-salts, even of the sulphate, is in great 
measure prevented by the presence of an alkaline citrate. This is the case 
also with strontium and calcium, and with several of the heavy metals." 
(Spiller. Cbem, See. Qu. J. x. 110.) 
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in a very concentrated barium solution. Phosphate of sodium 
gives with neutral barium solutions a white precipitate of phos- 
phate, PO^Ba^H, readily soluble in nitric, hydrochloric, or acetic 
acid. Alkaline carbonates precipitate barium completely as 
carbonate, CO'Ba^, soluble in all acids, even in carbonic acid : if 
carbonate of ammonia be used as the precipitant, ammonia must 
be added, and heat applied. Potash precipitates hydrate of barium, 
soluble in excess of water. Ammonia gives no precipitate. 
Chloride and nitrate of barium are insoluble in absolute alcohol, 
or in strong hydrochloric or nitric acids. Chloride of barium is 
the only soluble barium-salt which is not decomposed by ignition. 

Blowpipe reactions, — Barium compounds, when heated in the 
inner flame, colour the outer flame green. An alcoholic solution 
of a barium-salt burns with a green flame. 

Separation and estimation of Barium, — Barium is separated 
from all the foregoing metals, except lead, by sulphuric acid : 
from lead, it is separated by hydrosulphuric acid. 

Barium is best estimated as sulphate. It is precipitated from 
a dilute solution by sulphuric acid, the precipitate ignited and 
weighed. It may also be estimated by precipitation by carbonate 
of ammonium and ammonia: the carbonate is not decomposed 
by ignition. 

2« Strontiaiii* Sr. Atomic weight, 43*9. 

Occurs chiefly as sulphate (celestine) and carbonate (stron- 
tianite). It is a light-yellow metal, which oxidises in the air 
more rapidly than calcium. 

Oxide op Strontium. Strontiay Sr^O. — This compound is 
obtained in the same manner as baryta, which it closely resembles. 
It combines with water, forming a hydrate, SrHO, which is 
soluble in water, though somewhat less so than hydrate of barium. 
The reactions of strontium-salts closely resemble those of barium- 
salts. Sulphate of strontium is somewhat more soluble in water 
than sulphate of barium: hence sulphuric acid or a soluble 
sulphate does not precipitate a dilute solution of a strontium-salt 
ISO immediately as it does a barium-salt. A barium-salt gives a 
precipitate with a solution of sulphate of atioTi\,\\xai^ ^\l\^ ^ 
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strontium-salt of course does not. Bichromate of potassium or 
Jluosilicic acid do not precipitate strontium-salts. Oxalic acid 
precipitates strontium-salts more readily than it does barium-salts. 
Alkalis, and alkaline carbonates and phosphates behave with 
strontium-salts in the same manner as with barium-salts. Chloride 
of strontium is soluble, nitrate of strontium insoluble, in absolute 
alcohol. 

Blowpipe reactions. — Strontium compounds, when heated in the 
inner flame, colour the outer flame carmine-red. An alcoholic 
solution of a strontium-salt burns with a carmine-red flame. In 
both cases the coloration is distinctly perceptible in presence of a 
considerable quantity of a barium-salt. 

Separation and estimation of Strontium. — The presence of 
strontium is detected in a mixture of the sulphates of strontium 
and barium by converting them into carbonates by fusion in a 
platinum crucible with three parts of carbonate of sodium, convert- 
ing the carbonates into chlorides by evaporating to dryness with 
hydrochloric acid, treating the mixed chlorides with absolute 
alcohol, and setting Are to the alcoholic solution of chloride of 
strontium. The two metals may be separated in this manner. 
For qualitative analysis it suffices to boil the sulphates in a 
strong solution of carbonate of sodium, to filter hot, and proceed as 
above. But a better method for the separation of strontium from 
barium is to add fluosilicic acid to the hydrochloric acid solu- 
tion of the carbonates, when the barium is. completely precipitated, 
while the strontium remains in solution. From the metals of the 
foregoing groups strontium is separated by hydrosulphuric acid 
and sulphide of ammonium. 

Strontium is best estimated as carbonate, by precipitation by 
carbonate of ammonium and ammonia from a hot solution. The 
precipitation of strontium by this method is more complete than 
that of barium. Carbonate of strontium is not decomposed by 
ignition over the lamp. Strontium may also be estimated as 
sulphate : but, as sulphate of strontium is not absolutely insoluble 
in water, it is necessary to add alcohol to ensure complete pre- 
cipitation, which can only be done when thes original strontium- 
^ah is jBoJuble in alcohol. 
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3. €alciain* Ca. Atomic weight, 20. 

Occurs very abundantly, chiefly as carbonate (marble, lime- 
stone, arragonite); as sulphate (anhydrite, gypsum); as phos- 
phate (bone-earth) ; as chloride : and in many other salts. It is 
a light-yellow metal, which oxidises slowly in moist air. It 
decomposes water rapidly, and dilute acids still more rapidly, 
evolving hydrogen. 

Oxide op Calcium. LimCy Ca^O. — A white friable solid, 
obtained by igniting the carbonate. It is almost absolutely 
infusible. It combines with water very readily, evolving great 
heat, Mid increasing largely in volume, being converted into 
hydrate of calcium, CaHO, or slaked lime. The hydrate is not 
very soluble in water: the solution (lime-water) has a strong 
caustic taste, and an alkaline reaction. It dissolves readily in 
acids, forming calcium-salts. These closely resemble barium- 
and strontium-salts in their reactions. Sulphuric acid or soluble 
sulphates give no precipitate in very dilute solutions of calcium- 
salts. In concentrated solutions they precipitate slowly white 
sulphate of calcium, SO^Ca^, soluble in about 500 parts of water, 
more readily soluble in acids, insoluble in alcohol: hence, if 
sufficient alcohol be added to a calcium solution, all the calcium 
may be precipitated by sulphuric acid. A solution of sulphate of 
calcium precipitates barium- and strontium-salts, not calcium- 
salts, (c) Soluble oxalates precipitate calcium completely as 
oxalate, insoluble in water, oxalic and acetic acids, soluble in 
mineral acids: hence an acid solution of a calcium-salt must be 
neutralised with ammonia before adding oxalic acid. Chromate 
and bichromate of potassium, BJidJluosilicic acid, do not precipitate 
calcium-salts. Alkalis, and alkaline carbonates and phosphates 
behave with calcium-salts in the same manner as with barium- 
and strontium-salts. Chloride and nitrate of calcium are soluble 
in alcohol. 

Blovrpipe reactions, — Most calcium compounds, when heated 
in the inner flame, colour the outer flame yellowish-red. Alcoholic 
solutions of calcium-salts burn with a yellom^Xi-^^^ ^-axfi^^* 
Calcium cannot be detected in this way m pteaexko,^ Oi^ ^XTtoroJ^Nsssi.. 
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Separation and estimation of Calcium, — ^For the qualitative de- 
tection of calcium in presence of barium and strontium, the 
solution is diluted, and the whole of the barium and strontium 
precipitated by dilute sulphuric acid or sulphate of potassium : 
the whole is then heated to boiling, filtered, the filtrate neutralised 
with ammonia, and oxalate of ammonium added, when the for- 
tnation of a precipitate insoluble in acetic acid indicates calcium. 
K very little calcium be present, the precipitate does not form at 
once. 

Calcium is separated from the metals of Groups I. and 11. by 
hydrosulphuric acid and sulphide of ammonium. From barium 
and strontium^ it is separated by precipitating all these metals as 
carbonates, by carbonate of ammonium and ammonia, dissolving 
the carbonates in nitric acid, evaporating to dryness, and treating 
the residual nitrates with absolute alcohol, which dissolves only 
the nitrate of calcium. The alcoholic solution is diluted with 
water, boiled to expel the alcohol, and precipitated by oxalate of 
ammonium. 

Calcium is generally estimated as carbonate. The solution is 
neutralised by ammonia, and the calcium precipitated by oxalate 
of ammonium ; the oxalate is converted into carbonate by ignition 
at a moderate heat, and weighed. K the heat be not raised above 
low redness, the carbonate is not at all decomposed. It is, 
however, safer, after the first weighing, to moisten the carbonate 
with a concentrated solution of carbonate of ammonium, to dry it 
in the water-bath, heat it gently over the lamp, and weigh it again. 
This method of estimating calcium cannot be applied to solutions 
which contain a calcium-salt which is insoluble in water, {e, g. 
phosphate,) dissolved in free acid : for the calcium-salt would be 
precipitated at once on neutralising the solution by ammonia. 
In such cases, the calcium is estimated as sulphate, being pre- 
cipitated by dilute sulphuric acid, complete precipitation being 
insured by the addition of alcohol. 

4. Ulasnesiuiii. Mg. Atomic weight, 12. 

Occurs as hydrate, carbonate, sulphate, phosphate, silicate, and 
oiber salts : it is frequently aaaod^tted with calcium. It is a 



PART n. MAGNESIUM. 183 

silver-white metal, somewhat malleable. It is not oxidised bj dry 
air at the ordinary temperature, but when heated to redness, it 
burns with a brilliant flame, forming magnesia. In moist air, it 
becomes covered with a film of hydrate. It decomposes pure 
water very feebly ; dilute acids with great rapidity. It seems to 
be intermediate in its properties between the metals of the earths 
proper, and those of the alkaline-earths. 

Oxide op Magnesium. Magnesia, Mg^O A white powder, 

obtained by prolonged ignition of the carbonate. It is almost 
entirely insoluble in water, readily soluble in acids, forming 
magnesium-salts. The hydrate, MgHO, obtained by precipitating 
a magnesium-salt by potash, is scarcely soluble in water, readily 
soluble in ammoniacal salts. Sulphuric, Jluosilicic, or oxalic acid^ 
gives no precipitate with magnesium-salts. Phosphate of sodium 
gives no preciptiate with a dilute magnesium solution in the cold ; 
with a concentrated solution, it precipitates phosphate, PO'^Mg^H. 
(c) On adding ammonia, the whole of the magnesium is preci- 
pitated as phosphate of magnesium and ammonium, PO^Mg^NH"*, 
slightly soluble in pure water; insoluble in water containing 
ammonia, even in presence of ammoniacal salts ; soluble in mineral 
and acetic acids. If very little magnesium be present, the preci- 
pitate forms very slowly, so that the solution must be allowed to 
stand for at least twelve hours in a warm place. The formation 
of the precipitate is facilitated by rubbing the inside of the vessel 
with a glass-rod. Alkaline acid carbonates and carbonate of am- 
monium give no precipitates in the cold. Carbonate of potassium 
or sodium precipitates a white basic carbonate, soluble in am- 
moniacal salts; the precipitate does not form in presence of 
ammoniacal salts. Potash, soda, lime- or baryta-water, precipi- 
tates white hydrate, insoluble in excess of water : ammoniacal 
salts dissolve it readily, and hinder its formation in the cold. 
Ammonia (in absence of ammoniacal salts) precipitates half the 
magnesium as hydrate from a neutral magnesium solution, the 
other half remaining in solution as a double salt of magnesium and 
ammonium, which is not decomposed by more ammonia (S0*Mg2 
4-NH4H0=S04MgNH4+MgH0). Chloride of ammonium, or 
any ammoniacal salt, dissolves the prec\^\t«i.\,^^ V^^x^Xfe^ ^\^ 
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evolution of ammonia (MgHO + NH4Cl=MgCl + NH3 + OH2). 
If the magnesium solution contain sufficient free acid, ammonia 
gives no precipitate, the hydrate being dissolved in the ammoniacal 
salt formed. Chloride of magnesium is converted into oxide by 
heating with mercuric oxide, or by repeated ignition with car- 
bonate of ammonium. 

Blowpipe reactions. — Magnesium compounds do not colour the 
outer flame. Heated on charcoal, moistened with nitrate of 
cobalt, and again strongly heated, they assume a pale rose-colour : 
the presence of other metallic oxides interferes with this re- 
action. 

Separation and estimation of Magnesium, — Since the hydrate 
and carbonate of magnesium are soluble in ammoniacal salts, it is 
obvious that magnesium cannot be completely precipitated by 
ammonia and carbonate of ammonium from a solution which, 
having been treated with sulphide of ammonium, must contain 
ammoniacal salts. It is, therefore, advisable to ensure the com- 
plete non-precipitation of magnesium by adding chloride of am- 
monium before precipitating the other alkaline-earthy metals by 
carbonate of ammonium. The filtrate from the carbonates of 
barium, strontium, and calcium may then contain magnesium and 
the alkaline metals. A portion of it is tested for magnesium by 
phosphate of sodium and ammonia : and if magnesium be present 
it must be removed before proceeding to examine for the alkalis. 
This is done in the following manner : the solution is evaporated 
to dryness and ignited to expel the ammoniacal salts ; the residue 
is dissolved in water, baryta-water added, and the whole heated, 
when the magnesium is completely precipitated as hydrate. The 
filtrate is then freed from barium by heating with carbonate of 
ammonium and ammonia: the solution again evaporated to dry- 
ness, and ignited, to expel the ammoniacal salts ; and the residue, 
which contains only the metal? of the fixed alkalis, dissolved in 
water, and analysed as hereafter described. 

Magnesium is separated from the metals of Groups I. and EL by 
hydrosulphuric acid and sulphide of ammonium. From barium, 
strontium^ and calcium, by carbonate of ammonium in presence of 
ammonmcBl salts : or from hanum and strontium by sulphuric 
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acid, and from calcium, hj oxalate of ammonium in presence of 
chloride of ammonium. 

Magnesium is generally estimated as pyrophosphate, P^O'Mg^. 
It is precipitated by phosphate of sodium and ammonia, as phos- 
phate of magnesium and ammonium, which is washed with dilute 
ammonia, dried, and ignited, when it is converted, into pyrophos- 
phate (2PO^Mg2NH^=P207Mg*+2NH3-f-OH2). If no other 
fixed substance be present, magnesium may be estimated as 
sulphate, by evaporating to dryness, moistening the ignited 
residue with slightly diluted sulphuric acid, and expelling the 
excess of the acid at a low red heat. 



OBOXTP IV. 
Metals of the alkalis, or Alkaline metals. 

Potassium, Sodium, Lithium, Ammonium. 

These metals are lighter than water. They decompose water 
violently at the ordinary temperature, evolving hydrogen, and 
forming a solution of an alkaline hydrate, which has a caustic 
taste, and a powerful alkaline reaction. The compounds of these 
metals with chlorine, bromine, iodine, fluorine, cyanogen, and 
sulphur are soluble in water : as are nearly all the rest of their 
salts. The sulphates of potassium and sodium are completely 
converted into chlorides by repeated ignition with chloride of 
ammonium. 

1. Potasslam, or Kalium. K. Atomic weight, 39. 

Occurs abundantly as nitrate (saltpetre or nitre) ; as sulphate 
(in alum) ; as silicate (in various minerals) ; also in mineral springs, 
and in the ashes of plants. It is a white metal, which oxidises with 
great rapidity in moist air, so that it is necessary to preserve it 
from contact with the air by keeping it immersed in some liquid 
on which it exercises no decomposing action : petroleum or rock- 
oil is generally employed for this purpose. It decomposes water 
with extraordinary violence, evolving so ixi\icli\i'b«u\.\)cia»\»^^'^SsiRir 
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rated hydrogen is set on fire, and burns with a violet flame^ It 
is volatile at a red heat. 

Oxide op Potassium. K^O. — A grey solid mass, obtained by 
heating potassium with hydrate of potassium in the proper atomic 
proportion. It combines readily with water, forming the hydrate, 
KHO (potash), which is a white, hard, brittle substance, that 
deliquesces in moist air, and is very readily soluble in water, 
(forming solution of potash)y and in acids, (forimng potassium-saltsy 
(o) With bichloride of platinum^ potassium solutions, if not too 
dilute, give a yellow crystalline precipitate of chloroplatinate of 
potassium, PtCl^K, slightly soluble in water, insoluble in alcohol 
and in acids. K very little potassium be present, the solution 
must be saturated with hydrochloric acid, bichloride of platinum 
added, the whole evaporated to dryness, and the residue treated 
with alcohol, which leaves the chloroplatinate undissolved, (c) 
Concentrated potassium solutions are precipitated by acid tartrate 
of sodium, as acid tartrate of potassium, C'^H^O^KH; it is white; 
crystalline, soluble in about 180 parts cold water, readily soluble 
in mineral acids or in alkaline solutions. The formation of the 
precipitate is facilitated by agitating the solution. Fluosilidc acid 
gives a white gelatinous precipitate of fluosilicate of potassium. 
Perchloric acid gives a precipitate of perchlorate, insoluble in 
alcohol. When a concentrated solution of sulphate of aluminium 
is added to a concentrated solution of a potassium-salt, ocathedral 
crystals of alum are deposited on evaporating the solution 
(p. 164). Normal sulphate, carbonate, phosphate, arsenate, and 
borate of potassium are not decomposed by heat. The chloride, 
bromide, and iodide are volatile without decomposition at a very 
strong heat. Most other potassium-salts are decomposed bj 
heat. 

Blowpipe reactions, — Potassium compounds impart a violet 
colour to the outer flame. Alcoholic solutions of potassium-salts 
burn with a violet flame. The colour is not perceptible to the 
naked eye in presence of sodium (or lithium): but if a thick piece 
of dark-blue glass be interposed between the eye and the flame, 
the yellow sodium-flame is completely cut off*, and the potassium- 
£Bwe is distinctly visible, of a rich reddish-violet colour. In this 
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manner a very small amount of potassium may be detected in 
presence of a large quantity of sodium (Car tmell). 

Separation and estimation of Potassium. — Potassium is sepa- 
rated from all the foregoing metals by hydrosulphuric acid, 
sulphide and carbonate of ammonium. It is estimated as cbloro- 
platinate: alcohol is added to complete the precipitation, the pre- 
cipitate is washed with alcohol, dried at 100^, and weighed. 

Potassium, when it occurs in a compound not containing any 
other metal, is estimated as sulphate or chloride. Any potassium- 
salt of a volatile acid is converted into sulphate by heating with 
sulphuric acid, excess of sulphuric acid is expelled by heat, and 
the residual sulphate weighed. The expulsion of the last traces 
of sulphuric acid is facilitated by dropping a fragment of car- 
bonate of ammonium into the crucible. In estimating potassium 
as chloride, ignition must be performed in a covered crucible, the 
chloride being somewhat volatile at a strong heat. 

2. Sodiam, or UTatriuin. Na. Atomic weight, 23. 

Occurs, like potassium, as carbonate, nitrate (Chili saltpetre), 
&c. : abundantly as chloride, both solid (rock-salt) and in solution in 
sea-water. It much resembles potassium in appearance and pro- 
perties, and requires the same precautions for its preservation. 
It does not however combine with oxygen quite so violently: 
when it decomposes water the heat evolved is sufficient to fuse 
the sodium, but not generally to inflame the liberated hydrogen. 

Oxide op Sodium. Na^O. — ^Prepared in the same way as oxide 
of potassium, which it most closely resembles. There is the same 
resemblance in external appearance, solubility, &c. between the 
hydrate of sodium (soda), and potash. Sodium-salts are even more 
generally soluble than potassium-salts : they give no precipitates 
with bichloride of platinum^ tartaric or perchloric acidy and no 
crystals of alum with sulphate of aluminium. Fluosilicic add gives 
a gelatinous precipitate in concentrated solutions. Metantimonate 
of potassium (p. 91) gives (in dilute solutions only after some time) 
a white precipitate of metantimonate of sodium. The sodium 
solution must be neutral or slightly alkaline, for free acid would 
separate antimonic acid from the reagent, TkV^ T^'aj^i.NKRfCL \<i\ft5iN.^ 
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sodium in presence of the other alkaline metals : but no other metals 
must be present in the solution. When ignited, sodium-salts be- 
have like potassium-salts : chloride of sodium is less volatile than 
chloride of potassium. 

Blowpipe reezctians. — (c) Sodium compounds impart an intense 
yellow colour to the outer flame, which quite conceals the colora- 
tion produced by any other metal. Alcoholic solutions of sodium- 
salts burn with a yellow flame. 

Separation and estimation of Sodium. — Sodium is separated 
from all the metals of Groups L, IL, and ILL by hydrosulphuric 
acid, sulphide of ammonium, and carbonate of barium. From 
potassium by bichloride of platinum and alcohol. This separation 
is best effected when the metals are in the form of chlorides. The 
amount of potassium being determined from the weight of the 
chloroplatinate, that of sodium may frequently be estimated by 
difference. To estimate the sodium directly, the filtrate from the 
potassium-salt must be evaporated to dryness at a very gentle heat, 
and the residue ignited in a platinum crucible till the chloroplati- 
nate of sodium and the excess of platinic chloride are entirely 
decomposed : this decomposition is facilitated by the addition of a 
few crystals of pure oxalic acid during ignition. The chloride of 
sodium thus formed is dissolved out with water, evaporated to 
dryness, ignited, and weighed. Removing the platinum by hydro- 
sulphuric acid does not answer (Rose). 

Sodium is estimated as sulphate or chloride. The process is the 
same as that given for potassium. 

3. Xiitblmn. Li. Atomic weight, 6*5. 

Occurs, not very abundantly, in certain minerals (lepidolite, peta- 
lite, spodumen, triphylline, arablygonite). It is a white metal, much 
harder than potassium or sodium. It is lighter than any known solid or 
liquid. It is not oxidised in dry air ; in moist air it tarnishes slowly: 
when heated in air it combines with oxygen, burning with a dazzling 
white flame. It decomposes water at the ordinary temperature ; but less 
violently than potassium or sodium. 

Oxide of Lithium. Li'O. — A white solid substance, obtained by 
burning the metal in dry oxygen, or decomposing the nitrate by pro- 
longed heat. It deliquesces in the air, but less rapidly than potasn or 
soda : it is slowly soluble in water. The hydrate, LiHO (lithia), is a white 
transparent solid, much less soluble in water than the hydrates of potas- 
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slum and sodium : the solution is strongly alkaline. Most lithium-salts are 
deliquescent ; all are soluble in water : the carbonate and phosphate are 
difficultly soluble, hence carbonate or phosphate of sodium gives a white pre- 
cipitate with concentrated solutions of lithium-salts, especially on boil- 
ing. In presence of sufficient ammoniacal salt, carbonate of sodium gives 
no precipitate. Lithium-salts are not precipitated by bichloride ofphti' 
num^ tartaric or perchloric acids, or metantimonate of potassium : they 
form no double compound with sulphate of aluminium. They are gene- 
rally more easily decomposed by heat than the salts of potassium and 
sodium : the volatility of the chloride is between that of chloride of potas- 
sium and chloride of sodium. Chloride of lithium is soluble in a mixture 
of absolute alcohol and ether. 

Blowpipe reactions, — Lithium compounds impart a crimson colour to 
the outer flame, which has less yellow in it than the strontium-colour. 
Alcoholic solutions of lithium-salts burn with a crimson flame. Heated 
on platinum-foil with carbonate of sodium in the inner flame, : they 
attack the platinum, producing a brown stain : the fused mass is tran- 
sparent while hot. 

Separation and estimation of Lithium. — ^The most abundant lithium- ore 
is lepidolite. The following method of extracting lithium from it is 
given by Troost (Ann. Ch. Phys. [3.] li. 121): — 10 parts of the 
powdered mineral are heated in a furnace with 10 parts carbonate of barium, 
5 parts sulphate of barium, and 3 pbrts sulphate of potassium. When 
the fused mass is cold, the crucible is broken, when a transparent glass is 
found at the bottom, and a white crystalline solid at the top, consisting of 
sulphates of barium, lithium, potassium, and sodium. The alkaline sul- 
phates are dissolved out by water, converted into chlorides by chloride of 
barium, the potassium separated by bichloride of platinum, and the 
chlorides of lithium and sodium by alcohol and ether. In operating on a 
large scale, the double sulphate of lithium and potassium is separated by 
fractional crystallisation. By increasing the proportion of sulphate of 
potassium, the same method is applicable to petalite. The richest lithium- 
ore is triphylline, a phosphate of iron, manganese, and lithium. Mii 1 ler 
gives the following method for extracting lithium from it. The coarsely 
powdered mineral is dissolved in strong hydrochloric acid, nitric acid 
being added to peroxidise the iron : the solution is then evaporated to 
dryness, and treated with water, when all the iron remains as insoluble 
phosphate. The solution, containing chlorides of lithium and manga- 
nese, and a little phosphoric acid, is treated with sulphide of barium, 
which removes the two latter substances ; the excess of barium is re- 
moved by sulphuric acid (or carbonate of ammonium), and the filtrate 
evaporated to dryness and ignited. The chloride of lithium thus ob- 
tained frequently contains chloride of sodium, which may be separated by 
alcohol and ether. (Ann. Ch. Phys. [3.] xlv. 350.) 

Lithium is separated from potassium by bichloride of platinum : from 
sodium by the solubility of its chloride in alcohol and ether. 

Lithium may be estimated as sulphate or chloride. 
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4. Aminoniuiii. NH^. Am. Atomic weight, 18. 

This is a hypothetical metal, supposed to exist in ammoniacal 
salts. It has never been isolated ; but an amalgam of it with 
mercury is prepared without difficulty. 

Ammonia^ NH^, is a compound of very frequent occurrence in 
atmospheric air, soils of all kinds, and in the juices of plants. It 
is very easily obtained by heating chloride of ammonium (sal- 
ammoniac) with quick-lime. At the ordinary temperature it is a 
colourless gas, possessing an alkaline reaction : it is very soluble 
in water with evolution of heat, producing a colourless, powerfully 
alkaline solution of hydrate of ammonium (NH^ + H*0=NH'*HO), 
analogous to hydrate of potassium, B[HO. This solution neu- 
tralises acids completely, forming ammonium'Scdts, in which NH* 
plays the part of a metal, (e. g. CINH^, S0*(NH4)* analogous to 
CIK, SO'^K^). Ammonium-salts are strictly isomorphous with 
potassium-salts, (c) All ammonium-salts are decomposed when 
heated with a fixed alkali or an alkaline earth, gaseous ammonia 
being evolved, which is easily recognised by its characteristic 
smell, by its restoring the blue colour to reddened litmus-paper, 
and by its forming dense white fumes of chloride of ammonium 
on contact with a glass-rod moistened with dilute hydrochloric 
acid. J£ only a very small trace of an ammonium-salt be present^ 
it is readily detected by heating the solution with caustic lime in 
a test-tube, in the mouth of which is placed a strip of paper 
moistened with a dilute neutral solution of suhnitrate of mercury^ 
sulphate of copper, or sulphate of manganese: in the first case a 
black stain is formed on the paper, in the second a blue, in the 
third a brown. Suhnitrate of mercury gives a brown colour in 
solutions containing free ammonia. A slightly alkaline solution I 
of an ammonium-salt gives a white precipitate with chloride of mux* I 
cury, (c) A solution of molybdate of sodium Gonia^umg phosphoric 
acid gives with ammonium solutions a yellow precipitate, soluble 
in alkalis and non- volatile organic acids. In very dilute solutions 
the precipitate does not form immediately, (c) When a solution 
containing free ammonia or an ammonium-salt is mixed with 
jpotashy and a solution of iodide of mercury in iodide of potassium 
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added, a brown precipitate or coloration is immediately pro- 
duced. (Nessler). This is by far the most delicate test for 
ammonia. With bichloride of platinum and acid tartrate of sodium 
ammonium-salts behave precisely like potassium-salts. The chloro- 
platinate of ammonium, PtCPNH% is converted by ignition into 
metallic platinum, perfectly free from chlorine. The carbonaceous 
residue left on igniting the acid tartrate of ammonium has no 
alkaline reaction. Ammonium-salts of fixed acids lose their am- 
monia when ignited: all others are volatilised by heat, some 
being decomposed (sulphate, nitrate, &c.), others without de- 
composition (chloride, iodide). Nitrate of ammonium, or any 
ammonium-salt mixed with sufficient nitre, is entirely decomposed 
and volatilised at a very low heat. Alcoholic solutions of ammo- 
nium-salts bum with a blue or violet flame. 

Separation and estimation of Ammonium. — In qualitative 
analysis, ammonium is always tested for in a separate portion of 
the substance under examination. Ammonium is separated from 
all other metals by the decomposition of its salts when heated 
with caustic lime. The ammonia evolved is led into hydrochloric 
acid, and the resulting solution of chloride of ammonium precipi- 
tated by bichloride of platinum and alcohol. 

Ammonium is estimated as chloroplatinate. It is precipitated 
by bichloride of platinum and alcohol ; the precipitate is converted 
into metallic platinum by ignition, and weighed: the amount of 
ammonium is calculated from the weight of the platinum. The 
chloroplatinate may also be collected on a weighed filter, dried 
at 100^, and weighed as such. 
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COURSE OF^ QUALITATIVE ANALYSIS. 

I. Preliminary examination and solntion of solid bodies. 

The first thing to be done in the qualitative analysis of a solid 
body is to obtain some general information as to its nature and 
composition. This information, which must necessarily precede 
any more special analysis by the wet way, is obtained partly by an 
accurate observation of the physical properties of the substance 
(its form, colour, lustre, hardness, specific gravity, &c.): but 
chiefly by chemical examination in the dry way; L e, by observ- 
ing the behaviour of the substance at a high temperature^ either 
alone, in contact with air, or with some chemical compound 
which produces either decomposition or simple solution. 

If the substance contain organic matter, it usually blackens 
when heated, and evolves carbonic anhydride when heated with 
sulphuric acid and bichromate of potassium. In this case it is 
best to remove the organic matter before proceeding further: 
since its presence materially interferes with the reactions of 
many mineral compounds. This may generally be effected by 
heating the substance strongly for some time in contact with air 
(more speedily with oxygen), until the whole of the carbon is 
converted into carbonic anhydride. In many cases, the oxidation 
of the carbon is facilitated by dropping nitric acid upon the 
heated substance. The preliminary examination of mineral or 
inorganic substances by the dry way is conducted according to 
Tables I. and IL : by which we can ascertain not only the general 
chemical nature of the substance, but also the presence or ab* 
sence of many metals, and of some non-metallic elements. 
Table IX. serves exclusively for the preliminary examinatioa 
for acids; especially for such acids as are volatile, or as yield 
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volatile products of decomposition when heated with concentrated 
sulphuric acid. These tables require no explanation : their con- 
stant practical use can alone give the necessary accuracy to the 
information obtained by their means. 

After having ascertained by the preliminary examination in 
the dry way to what class of bodies the substance under examina- 
tion belongs, the next step is to bring it into the only form which 
is fitted for its qualitative analysis in the wet way, i, e., into the 
liquid state — in other words, to dissolve it. In order to effect 
this, it is generally necessary (when the nature of the substance 
allows it) to reduce it 'to a fine powder, by pounding in a mortar, 
and, if necessary, by subsequent levigation with water. This is 
indispensable in the case of minerals, especially of silicates, and 
of all other difficultly soluble, insoluble, or difficultly decomposable 
compounds. The finely-powdered substance is then boiled with 
water, in order to ascertain its complete or partial solubility or 
insolubility therein. K it be not completely dissolved, the solu- 
tion is filtered off from the residue, and a drop or two of it eva- 
porated to dryness on platinum-foil, when, if the substance is par- 
tially soluble in water, a distinct residue is left ; if the substance 
is completely insoluble, there is no residue. In the former case 
the aqueous solution is tested with litmus-paper, to see whether 
it has a neutral, acid, or alkaline reaction ; and set aside for further 
examination. The portion insoluble in water is then treated suc- 
cessively with dilute and concentrated hydrochloric acid, particu- 
lar attention being paid to the nature of the gas, if any, thereby 
evolved. Carbonates evolve carbonic anhydride with efferves- 
cence : peroxides and chromates evolve chlorine : cyanides, hy- 
drocyanic acid : many sulphides, hydrosulphuric acid : sulphites 
and hyposulphites, sulphurous anhydride, with separation of sul- 
phur in the latter case : most metals (zinc, iron, tin, &c.) evolve 
hydrogen ; or, if arsenic or antimony be present, arsenide or an- 
timonide of hydrogen. If hydrochloric acid does not completely 
dissolve the substance, it generally effects the complete separation 
of one or more elements ; for which reason the solution should be 
separated from the residue, and examined apart. The portion 
insoluble in hydrochloric acid is then treated ^M^i^^^-sv^q^^ ^\S5«v 
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nitric acid and aqua'regia. Most sulphides, thus treated, leave 
a residue of sulphur, which, on prolonged digestion with the 
acid, collects into yellow globules which swim on the surface of 
the liquid ; or disappears altogether, being oxidised into sulphuric 
acid, which may be detected in the solution, unless it forms an 
insoluble salt with the dissolved metal. Thus sulphide of lead 
leaves a white residue of sulphate of lead, when treated with 
nitric acid: sulphides of antimony and tin are converted into 
white oxides: sulphide of mercury is insoluble in nitric acid, 
readily soluble in aqua-regia. 

Most metals are completely soluble in nitric acid: the only 
metals not attacked by it are gold, platinum, iridium, and the 
rarer metals found in platinum-ores. Gold and platinum are 
soluble in aqua-regia: tin and antimony are not dissolved by 
nitric acid, but are converted into white oxides, insoluble in 
excess of the acid ; they are readily soluble in aqua-regia (or hy- 
drochloric acid and chlorate of potassium) provided excess of 
nitric acid be avoided. 

If the substance be not dissolved or decomposed by the above 
acids, after long digestion at a gentle heat, it must be one of the 
bodies mentioned in Table m. : and it must be rendered soluble by 
one of the methods indicated in that table, the particular method 
chosen depending upon the general chemical nature of the suh- 
stance, to be ascertained by an examination in the dry way, ac- 
cording to Tables I. and IL 



n. Qualitative analysis of solutions. 

In the qualitative analysis of solutions there are two pre- 
liminary steps which should always be taken, before proceeding to 
the regular course of analysis in the wet way by Tables IV. — 
VIIL These are, 1. To ascertain whether the solution contains any 
non-volatile constituents. This is done by evaporating a small 
portion of it to dryness on platinum-foil : if a fixed residue re- 
mains, which does not volatilise when strongly heated, some non' 
volatile compounds are present ; if there be no fixed residue, the 
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solution contains onlj volatile constitnents. In the former case 
the residue should be examined bj Tables L and 11. 2. To 
ascertain whether the solution is neutral, acid, or alkaline to 
test-paper. 

These preliminaries are of course unnecessary when the solu- 
tion has been made by the student himself, as described in the 
foregoing section ; but they should never be neglected with a 
solution given for examination, since, if carefully performed, they 
may enable him to conclude at once as to the presence or absence 
of whole groups of bodies. Thus it is evident that a solution 
which, after careful evaporation (not rapid boiling), leaves no 
residue, can contain no non-volatile metallic salts. A neutral 
solution in general can contain only salts of the alkaline and 
alkaline-earthy metals, since the salts of almost all the other 
metals have an acid reaction. An aJkaliTie solution (in which no 
non-volatile organic compounds are present) cannot contain any 
of the metals whose oxides are insoluble in alkaline liquids : if 
the alkaline reaction J>e caused by the presence of an alkaline car- 
bonate, the presence of the alkaline-earthy metals is impossible. 
(There are, however, exceptions to this rule : an alkaline solution 
may contain salts of copper and sesquisalts of iron, if any non- 
volatile organic compound be present ; it may also contain such 
oxides, cyanides, and sulphides as are soluble in cyanide of 
potassium and alkaline sulphides.) The presence of certain 
acids implies, the absence of certain metals, and tnce versa : the 
same acid solution cannot contain sulphuric acid and barium, 
hydrochloric acid and silver, &c. Silver need not be looked for 
in an alloy soluble in hydrochloric acid : nor gold, antimony, tin, 
&c., in one soluble in nitric acid. 

It is generally advisable to examine for acids and metals in 
separate portions of the solution. 

a. Examination for metals. 

Table IV. , which exhibits in a compendious form the behaviour 
of all the metals to general reagents, gives a general outline of the 
course to be adopted in examining a solution for m^tdi\&. ^VOcl^^ 

o 2 
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very little reflection, the table will be perfectly intelligible. The 
following rules, however, of the utmost importance in the analysis 
of mixtures which may contain any number of constituents, must 
always be kept in mind. 

1. The precipitation hy each general reagent must he complete, 
— To ensure this, the reagent must be added gradually, allowing 
the precipitate already formed to subside between each addition, 
until no further precipitate is produced. In the case of hydro- 
sulphuric acid, the precipitation is complete when the solution, 
after being agitated^ still smells strongly of the gas. Gentle heat- 
ing facilitates the separation of precipitates in almost every case. 
Arsenic (as arsenic acid), molybdenum, platinum, iridium, and 
rhodium, are very slowly precipitated by hydrosulphuric acid, 
the solution requiring to be left in a warm place for from 12 to 24 
hours after its complete saturation with the gas. Pentasulphide 
of arsenic separates much more quickly when the solution is 
heated to 60° or 70°. 

2. Each group, when precipitated, must he thoroughly freed hy 
washing with water from all members of the subsequent groups 
which may be contained in the solution, — This washing is effected, 
according to circumstances, either on a filter, or by decantatiotii 
i, €, by allowing the precipitate to subside, pouring off the clear 
liquid, shaking up the precipitate with water, and repeating the 
operation as often as is necessary. If the precipitate contains any 
easily oxidable sulphides, a little hydrosulphuric acid must be 
added to the wash-water (if the sulphide is insoluble in dilute 
acids, e.g, sulphide of copper), or a. little sulphide of ammonium 
(if the sulphide is soluble in dilute acids, e,g. sulphides of iron 
and manganese), in order to prevent the partial oxidation of the 
sulphide by exposure to the air during the washing of the preci- 
pitate. After the precipitation of each group, it is advisable to 
ascertain the presence or absence of any members of the succeed- 
ing groups, by carefully evaporating on platinum-foil a moderate 
quantity of the filtrate : if, after ignition, there is no distinctly 
visible residue, non-volatile substances need not be looked for 
further. 

It 18 obvious that, if these two precautions (complete precipita- 
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Hon and thorough washing) be neglected, metals belonging to one 
group are liable to be found among those of another group ; and 
consequently, as the analysis proceeds, reactions will be obtained 
which are not mentioned in the tables of the different groups, and 
which will be the source of great perplexity to the student. 

3. The mineral add employed to acidify the original solution 
(when it is not already sufficiently acid) is either hydrochloric or 
nitric acid. — It is generally employed dilute, and not in sufficient 
quantity to interfere with the formation of those sulphides which 
are insoluble in dilute acids. Hydrochloric is generally preferable 
to nitric acid : and attention must then be paid to the possible 
precipitation (of chlorides of silver and lead, and subchloride of 
mercury) mentioned in Table IV. 

4. The application of confirmatory tests must never he neglected, 
— When, in the course of a systematic qualitative analysis, one or 
more members of the different groups have been recognised as 
constituents of the substance examined, by means of the reactions 
given in the tables, the analyst (especially the beginner) should 
proceed to apply a series of confirmatory tests, either to the origi- 
nal substance or to each constituent that he has separated from 
it, in order to control the results already obtained. The beginner 
should never neglect these confirmatory tests ; since the object of 
analytical practice is not only to acquire the simple course of 
analysis, but also to become familiar with the reactions of bodies 
generally. The observance of this important rule is the only 
means by which the unpractised student can avoid errors in his 
analysis : for these errors arise invariably either from ignorance 
of the reactions of bodies generally, or from neglect of the condi- 
tions on which depends the appearance of those phenomena which 
we regard as proofs of the presence of different bodies. It is for 
this reason that the reactions of acids and metals are given in the 
first and second parts of this work in such detail, that no difficulty 
can be experienced in the selection of any reasonable number of 
confirmatory tests. 

The further distinction and separation from each other of the 
metals constituting each group, are effected according to Tables 

o 3 
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V. VL VIL and VIII. Table V. includes those metals which are 
precipitated by hydrosulphuric acid from an acid solution: 
Table YL those which are precipitated by sulphide of ammo- 
nium: Table VU. those which are precipitated by carbonate of 
ammonium : Table YIIL magnesium and the alkaline metals. 

In connection with Group IL (Table VL) it is to be observed 
that under certain circumstances the metals of Group UL (the 
alkaline-earthy metals) may appear in the sulphide of ammonium 
precipitate. Those salts of barium, strontium, and calcium which 
are soluble in water, are not precipitated by ammonia or sulphide 
of ammonium; neither are magnesium-salts in presence of a suffi- 
cient quantity of ammoniacal salt. But there are some salts of 
these metals which, though insoluble in water, are soluble in acids: 
and if any of these salts are present in the acid solution, they will 
of course be precipitated unchanged when the acid that holds 
them in solution is neutralised by the addition of ammonia, or 
(what comes to the same thing) of sulphide of ammonium. The 
alkaline-earthy salts which may thus appear in the sulphide of 
ammonium precipitate are phosphate of magnesium ; phosphate, . 
oxalate, borate, fluoride, of calcium, strontium, or barium ; as well 
as the salts of several other non-volatile organic acids. These 
salts are insoluble in potash, and resemble the earths in their be- 
haviour with general reagents. K an oxalate be present, the 
precipitate after ignition effervesces when dissolved in hydrochloric 
acid: the solution is not precipitated by ammonia, and should be 
examined for the alkaline-earthy metals in the usual manner. 
Alkaline-earthy phosphates are not decomposed by ignition: the 
metal they contain is ascertained by dissolving them in as little 
hydrochloric acid as possible, adding acetate of sodium to the 
solution, and then sesqui chloride of iron, drop by drop, until a red 
colour is produced. The solution is then heated to boiling and 
Altered: the residue contains all the phosphoric acid as basic 
phosphate of iron, and the filtrate contains the alkaline-earthy 
metals as chlorides, to be sought for in the usual way. But the 
best method is to dissolve the precipitate in hydrochloric acid, 
and to test for each of the acids and metals successively in sepa- 
rate portions o£ the solution, as described in the latter part of 
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Table YI. Hydrofluoric acid must be sought for in the original 
substance. 



|3. Examination for acids. 

The qualitative examination for acids is on the whole more diffi- 
cult than that for metals: still, with due care, it may be executed 
with great precision. In almost every case the preliminary exa- 
mination by Tables L and DC, as well as the nature of the metals 
already found, give information as to what class of acids should 
especially be looked for. The knowledge of the solubility of dif- 
ferent salts, and of the reactions of their aqueous solutions with 
vegetable colours, is of the greatest importance in this examina- 
tion. By heating the substance either alone or with concentrated 
sulphuric acid (Table IX.), the presence or absence of organic and 
of volatile inorganic acids is at once ascertained. Whenever there 
is reason to expect the presence of several acids or their salts in 
ibe substance under examination, attention must be paid to the 
causes of error which are likely to arise in the preliminary exami- 
nation from the fact that the behaviour of a mixture of salts, 
when heated alone or with sulphuric acid, is often different from 
that of each individual salt under the same circumstances. Thus 
a mixture of a nitrate or chlorate with a salt of an organic acid 
does not blacken when ignited, but commonly detonates ; and if 
the organic compound be present in sufficient quantity, no trace 
of a nitrate is found after ignition, but only a carbonate, provided 
the base be an alkaline or alkaline-earthy metaL When heated 
with concentrated sulphuric acid, a mixture of a chloride and a 
nitrate does not evolve hydrochloric and nitric acids, but chlorine 
and red nitrous fumes: in a mixture of a sulphite and a nitrate 
(chlorate, chromate, &c.), the sulphurous acid is converted into 
sulphuric acid ; in a mixture of a sulphide and a sulphite, the two 
acids decompose each other, sulphur being separated, and the 
characteristic smell of each destroyed. 

In order not to overlook the presence of un combined volatile 
organic acids, the acid solution is neutralised with carbonate of 
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sodium, evaporated to dryness, and ignited : when the organic acid, 
which, if free, would have been volatilised undecompused, is de- 
composed with separation of carbon. 

For the detection of the most important acids in a solution in 
the wet way, the usual course is that laid down in Tables X. and 
XL The employment o^ general reagents in examining for acids 
has, in most cases, no other aim than to ascertain the presence or 
absence of one or more members of each group of acids : the de- 
tection of each several acid belonging to these groups requires the 
further employment of the special reagents which are indicated 
in the tables. 

When, as is frequently the case, a neutral solution is required 
in testing for acids, the solution, if acid, is neutralised by am- 
monia, if alkaline by nitric acid, or, if nitrate of silver is not used 
as a reagent, by hydrochloric acid. If, however, the substance 
to be examined is insoluble in water, but soluble in acids without 
apparent decomposition (c. g, an alkaline-earthy phosphate or 
oxalate), it is obvious that the acid solution cannot be neutralised 
by ammonia, since the salt would thereby be precipitated un- 
changed. In many such cases (of which we have already seen 
instances in the sulphide of ammonium precipitate) the substance 
may be dissolved in acetic acid, and the acid solution tested for 
oxalic acid by chloride of calcium, for phosphoric acid by sesqui- 
chloride of iron, &c. But the most universal method of obviating 
this difficulty is to remove all the metals except those of the 
alkalis before commencing the examination for acids. The volatile 
acids may be separated from all fixed acids and bases by dislil- 
lation with dilute sulphuric acid. In analysing an insoluble salt 
of an organic acid, the acid is removed by boiling the compound 
with carbonate of sodium, and detected in the filtrate after neu- 
tralisation with hydrochloric acid. When a solution containing 
hydrosulphuric acid or a soluble sulphide has to be tested for such 
acids as are precipitated by nitrate of silver from an acid solution, 
but not by ferric salts {e, g. hydrochloric, hydrobroroic, hydriodic 
acids), the hydrosulphuric acid is removed by adding ferric sulphate, 
and the filtrate, acidulated with nitric acid, tested with nitrate of 
sHver, Compounds insoluble in water and acids are rendered 
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soluble by the methods given in Tables HI. and XL and then ex- 
amined for acids in the wet way. 

We have said that the volatile acids may be at once separated 
from a solution by distillation with dilute sulphuric acid. It is 
often advisable to employ this process, for which the following 
hints, relating to the acids of most frequent occurrence, will be 
found useful. The distillation should be effected in a small 
tubulated retort, so arranged that all the gas evolved is conducted 
into lime- or baryta-water. If gas is given off immediately on 
adding sulphuric acid, before applying heat, carbonic^ sulphurotis, 
or hydrosulphuric acid is present : they may be distinguished 
by the smell. If carbonic anhydride is evolved after heating for 
some time, oxalic acid is present. Continue to heat gently, not to 
boiling, and collect the distillate in three separate portions : 

Examine portion 1 for hydrocyanic, hydrochloric (perhaps 

acetic 2knd formic) acids : 
Examine portion 2 for hydrochloric, hydrobromic, hydriodic*, 

cujetic, formic, and nitric acids : 
Examine portion 3 for nitric, succinic, and benzoic acids. 

When the third distillate has been collected, and the sulphuric 
acid in the retort has become concentrated, heat strongly : the 
evolution of carbonic anhydride and blackening indicates the 
presence of non-volatile organic acids (e. g. tartaric, citric). Empty 
the retort into a porcelain basin, neutralise with ammonia, evapo- 
rate to dryness, and ignite : blackening indicates non-volatile 
organic acids. Watch for the peculiar smell of tartaric acid. 
Exhaust the ignited residue with water, and examine the solution 
for phosphoric acid. It is to be noted that sulphurous acid may 
appear in the distillate when it did not exist in the original 
solution, owing to the deoxidation of the sulphuric acid. The 
distillate should also always be tested for sulphuric acid, which is 
not unfrequently carried over mechanically if the distillation be 
performed too rapidly. 

♦ The formation of violet vapours in the retort towards the end of the dis- 
tillation indicates the presence of hydriodic acid. 
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PART IV. 

EXAMPLES FOR QUANTITATIVE ANALYSIS. 

Section I. Analysis by weight 

1. Sulphate of Copper. SOCu^ + 5W0. 

For the analysis of this salt, it is necessary to determine sepa- 
rately the water, the copper, and the sulphur and oxygen. It is 
generally advisable (though not always necessary) to take sepa- 
rate portions of the salt for the determination of the metallic 
and non-metallic elements : ^ grm. is generally sufficient. The 
salt should be purified by re-crystallisation before analysis. 

a. Water, — A weighed portion of the salt, finely powdered, 
and dried over sulphuric acid, is heated to about 200®, till it is 
quite white, and ceases to lose weight : the weight lost consists 
of water. 

b. Copper. — The same portion of the salt is dissolved in water, 
heated to boiling, and precipitated while hot by caustic potash, 
which should not be added in great excess. The precipitated 
cupric oxide is collected on a filter, washed with hot water till the 
washings leave no residue when evaporated on platinum-foil, and ig- 
nited in a platinum crucible, together with the ashes of the filter.* 
As some of the oxide may have been reduced by the carbonaceous 
matter of the filter, it is moistened with a few drops of nitric 
acid, again ignited in the covered crucible, and weighed when 
cool. As cupric oxide rapidly absorbs moisture from the air, the 

* The best method of incinerating a filter is (after the precipitate has been 
removed from it as completely as possible) to twist it in a coil of platinum-wire, 
set it on fire, and hold it so that the ashes shall drop into the crucible. In all 
cases when the filter ash is ignited with the precipitate, the weight of the ash 
mast be deducted : this is ascertained by incinerating six filters of the same 
size with that employed, and taking the sixth part of the weight of their ashes 
as the average weight of the ash of a ^Uex of Ih&t size. 
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crucible sliould be allowed to cool over salphnric acid, and 

weighed (still covered) as quickly as possible. (Cu^O : : Cu^ : 

79-4 : 63-4.) 

c. Sulphur and Oxygen — A fresh portion of the salt dissolved in 

water (or the filtrate from the cupric oxide) is acidulated with 

hydrochloric acid, and completely precipitated by chloride of 

barium : the whole is then warmed for some minutes, and the 

precipitate allowed to subside. The clear liquid is then poured on 

the filter, the precipitate stirred up with hot water, and not 

thrown on the filter till it has completely subsided. If these 

precautions be not attended to, the precipitate will pass through 

the filter. The sulphate of barium is washed thoroughly, dried, 

ignited, and weighed with the incinerated filter. (SCHBa^ : SO^ : ; 

233-2 : 96.) 

Calculated percentage, 

Hydrated salt, SO* 38*49 Cu« 25-42 bWO 36-09. 
Ihy „ SO* 60-226 Cu^ 39*774 

2. Sulphate of Iron. SO^Fe^ + 7 H^O. 

a. Iron, — A weighed portion of the salt (which must be free 
from sesquisalt) is dissolved in water, the solution boiled with 
aqua-regia till the whole of the iron is converted into sesquisalt, 
and precipitated with excess of ammonia. The precipitated ferric 
hydrate is collected on a filter, washed, dried, ignited with the 
filter, and weighed. (Fe^O^ : Fe^ : : 10 : 7.) 

b. Sulphur and Oxygen. — Estimated as in L 

c. Water. — The salt loses six atoms of water when heated to 
about 100°; the seventh it does not part with below 280°, near 
which temperature it is decomposed. 

Calculated percentage. 

Hydrated salt, SO* 34-532 Te' 20-144 7H"0 45-324. 
Dry „ SO* 63*16 Fe* 36-84. 

3. Chlorite of Sodium. ClNa. 

Common salt is not sufficiently pure. The salt for analysis is 
obtained by saturating a solution of pure carbonate of sodium 
with hydrochloric acid, and crystallising. 
- a. Chlorine, — The powdered salt is atroiv^^ \i<e.'i^\ftSL \5fcVst^ 
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weighing, to expel adhering moisture : it is then dissolved in 
water, the solution acidulated with nitric acid, and precipitated 
by nitrate of silver. Bj gentle warming and brisk agitation the 
chloride of silver soon subsides : it may be washed by- decanta- 
tation, or better on a filter, first with water acidulated with nitric 
acid, and finally with hot water, till the washings leave no resi- 
due on evaporation. It is then dried and ignited, with the filter- 
ash, in a weighed porcelain crucible, till it is in a state of tran- 
quil fusion. When cool it is heated gently first with a drop or 
two of nitric, then of hydrochloric, acid, in order to re-convert 
into chloride any silver that may have been reduced by the filter: 
the excess of acid having been expelled by gentle heat, it is 
again fused, and weighed when cool. It may be weighed in an 
open crucible. (ClAg : CI : : 143*5 : 35'5.) 

b. Sodium. — Another weighed portion is gently heated in a 
weighed platinum crucible with concentrated sulphuric acid, 
till all the hydrochloric acid is expelled : it is then heated more 
strongly, to expel excess of sulphuric acid, and finally ignited, a 
fragment of carbonate of ammonium being placed in the crucible, 
to decompose any acid salt that may be formed. The resulting 
normal sulphate of sodium is weighed when cool. (SCHNa' : 

Na2 : : 71 : 23.) 

Calculated percentage. 

CI 60-68 Na 39*32. 

4. €alc-Slpar. Carbonate of Calcium. CO^Ca^. 

a. Calcium. — A weighed portion is dissolved in hydrochloric acid, 
care being taken that no loss is caused by effervescence : the solu- 
tion is then saturated with ammonia, filtered if necessary, and the 
calcium precipitated as oxalate by oxalate of ammonium or potas- 
sium. The precipitate is allowed to stand for some hours in a warm 
place before filtration : it is then washed with hot water, dried, 
and gently ignited together with the filter-ash. K too strong a 
heat has been applied, the resulting carbonate of calcium may 
have been partially decomposed : if this is the case (which is 
known by its having an alkaline reaction) it is moistened with 
carbonate of ammonium, dried, again gently ignited, and weighed 
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when cool. (CO^Ca^ : Ca^ ::5:2). Another method is to add 
sulphuric acid to the not too dilute hydrochloric solution of the 
compound, and then several times its volume of alcohol. The 
precipitated sulphate of calcium is washed with alcohol, dried, 
ignited, and weighed. (SO^Ca^ : Ca^ : : 17:5.) 

b. Carbon and Oxygen. — Another weighed portion is de- 
composed in a weighed apparatus for estimating carbonic anhy- 
dride, by moderately concentrated hydrochloric or nitric acid : 
the apparatus is again weighed, after the carbonic anhydride in 
it has been replaced by air, and the loss of weight represents the 
carbonic anhydride evolved ; whence the amount of carbon and 
oxygen in the salt is given by the following proportion. (Co^ : 
CO^:: 11:15.) (5ccp. 233.) 

5. Slalptaate of Magnesiiim. SOMg^ + TH^O. 

a. Magnesium, — A weighed portion is dissolved in water, 
chloride of ammonium and ammonia added, and the magnesium 
precipitated by phosphate of sodium as phosphate of magnesium 
and ammonium. After standing for several hours in a warm 
place, the precipitate is filtered off, washed with a mixture of 3 
pts. water and 1 pt. ammonia, dried, ignited with the filter-ash, 
and weighed. (P^O^Mg^ : Mg^ : : 37 : 8.) 

b. Sulphur and Oxygen, — Estimated as in 1. 

The salt does not lose all its water below about 230^ 

Calculated percentage* 

Hydrated salt, SO* 39-02 Mg^ 9-76 7H*0 51-22. 
Dry „ SO* 80-0 Mg^ 20-0. 

6. Phosphate of Slodiam. PO^Na^H + 12H20. 

a. Phosphorus and Oxygen. — A weighed portion is dissolved 
in water, and the solution precipitated by a mixture of sulphate 
of magnesium, chloride of ammonium, and ammonia: the pre- 
cipitate is treated as directed in 5. a. (P^O'Mg^ : PO^ : : 222 : 95.) 

b. Sodium. — Acetate of ammonium is added to the aqueous 
solution of the salt, and then sesquichloride of iron till the 
appearance of a red tinge, and the whole heated to boiling : the 
precipitate is filtered off, and thoroughly wa.^\i^^ Vv(\i>afi\»^^^^' 
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(Or excess of sesquicbloride of iron may be added at once, and, 
after filtration, the excess of iron in the filtrate removed by am- 
monia.) The filtrate is evaporated to dryness, the residue gently 
ignited, and either weighed as chloride, or converted into sulphate 
as in 3. b. (NaCl : Na : : 58-5 ; 23.) 

If the phosphoric acid be precipitated by a known volume of a 
standard solution of ferric chloride (containing a known amount 
of iron), the increase of weight of the ignited precipitate will give 
the amount of phosphorus and oxygen : the former determination 
may thus be controlled. 

c. The hydrogen is determined by difference. 

The salt does not lose all its water below about 300°. 

Calculated percentage, 

Hydrated salt, PC* 26*54 Na* 12*85 H 0*28 12H'0 60-33. 
Dry „ P0 66-9 Nr« 32*4 H 07 

7. Acetate of I^ead. (2(C2H30«Pb) -h 3H20=2 atoms.) 

a. Lead. — The aqueous solution of the salt is precipitated by 
carbonate of ammonium, with addition of a little free ammonia: 
the precipitated carbonate of lead is dried, converted into oxide 
of lead by ignition in a porcelain crucible, and weighed with the 
filter-ash. (Pb^O : Pb^ : : 223 : 207.) Or the solution is precipi- 
tated with moderately dilute sulphuric acid, which must be added 
in moderate excess ; the sulphate of lead is washed with water 
acidulated with sulphuric acid, and finally with alcohol, dried, 
ignited, and weighed. (SO^Pb^ : Pb^ : : 303 : 207.) As oxide of 
lead is very easily reduced by carbonaceous matter, great care 
must always be taken in igniting lead-salts, to remove the pre- 
cipitate from the filter as completely as possible before incinerating 
the latter : and the incineration must be complete before the 
filter-ash is added to the precipitate. It is perhaps safer not to 
ignite the precipitate at all, but to collect it on a filter which ha? 
been previously dried at 120° and weighed, to weigh the dried 
precipitate and filter together, and deduct the weight of the filter. 
Or the solid salt may be converted into sulphate of lead by 
evaporation with sulphuric acid with addition of a few drops of 
mtric acid, ignited, and weighed. 
b. Carbon, Hydrogen^ aik^ Oxi/gen. — Tbo&e are determined by 
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the process for organic analysis, by combustion with oxide of 
copper. 

Calculated percentage, 
CM2-66 H"l-58 0*16-89 Pb2 54-62 3HK) 14-25. 

8. Tartrate of Potassiam and Kodlam. (Bochelle 
Salt.) C4H406KNa+4H20. 

a. Water. — ^The estimation of the water requires the careful 
application of heat for some time. The salt fuses below 100° ; 
boils at 120° ; but does not lose all its water till heated to 215° 
(Wohler.) 

b. Potassium and Sodium, — The salt is ignited, the carbon- 
aceous mass treated with dilute hydrochloric acid (or a solution of 
chloride of ammonium), and the carbon removed by filtration. The 
solution is evaporated to dryness, the residue (of mixed chlorides 
of potassium and sodium) gently ignited in a covered platinum 
crucible, and its weight determined. It is then dissolved in a 
little water, excess of bichloride of platinum added, and the whole 
evaporated to dryness in a water-bath; the residue is digested 
with alcohol, which leaves the chloroplatinate of potassium alone 
undissolved. This is collected on a weighed filter, washed with 
alcohol, dried at 100°, and weighed. (PtCPK : K : : 244-5 : 39.) 

The sodium may be determined by deducting the weight of 
chloride of potassium from that of the mixed chlorides : but it is 
safer to control this result by a direct estimation. This is done 
by evaporating the alcoholic filtrate (which should have a distinct 
yellow colour) to dryness, decomposing the residue of chloro- 
platinate of sodium, by ignition in a covered crucible with a few 
crystals of pure oxalic acid, dissolving out the chloride of sodium 
with water, filtering off the metallic platinum, evaporating the 
filtrate to dryness, and weighing the residue after gentle igni- 
tion. (6. b.) 

c. Carbon^ Hydrogen, andOxygen, — Determined by combustion 
with oxide of copper, with addition of some phosphate of copper. 

Calculated percentage, 

Hydrated salt, C* 1702 H* 1-42 O«3404 K 13-83 Ka ft-V^ n^^^'lV^^* 
Dry „ C* 22-86 HM-9 0" 45*72 K.U-57 "S«^\Q-^^- 
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9. Sulphates of Barlam, Strontium, and Calcium. 

Heavjspar, S04Ba2. Celestine, S0<Sr2. Gypsum, SO^Ca^ 
+ 2H20. 

a. Water, — The water in gypsum is determined by ignition. 

b. Sulphur and Oxygen. — Sulphate of calcium is completely 
converted into carbonate by boiling with a solution of carbonate 
of sodium : the solution contains all the sulphuric acid. The sul-< 
phates of barium and strontium are not completely decomposed in 
this manner: they must be finely powdered, and fused in a pla- 
tintim crucible with four times their weight of the mixed carbo- 
nates of potassium and sodium, the fused mass treated with boiling 
water, the earthy carbonates filtered ofi*, the filtrate acidulated 
with hydrochloric acid, and precipitated by chloride of barium, as 
in 1. c. 

c. If only barium he present, the carbonate, thoroughly washed, 
is dissolved in dilute hydrochloric acid, and precipitated hot 
by dilute sulphuric acid. If strontium be present also, the barium 
is precipitated first from the hydrochloric acid solution by fluo- 
silicic acid, with addition of alcohol, and the fluosilicate of barium 
collected on a weighed filter, dried at 100°, and weighed. (SiF^ 
Ba2 : Ba2 : : 279*7 : 137-2.) The filtrate is evaporated to dryness 
with excess of sulphuric acid, and the residue of sulphate of 
strontium ignited and weighed. (SO^Sr^ : Sr2 : : 91*9 : 43-9.) 
Barium may also be separated from strontium, in a dilute neutral 
solution, by bichromate of potassium, which precipitates the 
barium only. If calcium and barium be present, the solution is 
largely diluted, and the barium precipitated by sulphuric acid: 
the filtrate is then neutralised by ammonia, and the calcium pre- 
cipitated by oxalate of ammonium (4. a). K barium, strontium, 
and calcium, be present, the carbonates are dissolved in nitric 
acid, care being taken to obtain a solution as nearly neutral as 
possible, which is then evaporated to dryness in a flask: the 
residue is digested for some time in the corked flask with absolute 
alcohol in the cold, by which the nitrate of calcium is alone dis- 
solved. The filtrate is diluted with water, most of the alcohol 
evaporated off, and the calcium precipitated as oxalate : the ni- 
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trates of barium and strontium are dissolved in water, and the 
metals separated as above. 

The sulphates of strontium and calcium are, entirely converted 
into carbonates hj digestion in the cold with a frequently renewed 
solution of carbonate of ammonium or potassium ; while sulphate 
of barium is not so decomposed. This reaction is employed for 
both qualitative and quantitative separation of the three metals. 
The mixed carbonates and sulphate are treated with dilute hy- 
drochloric acid, which dissolves the strontium and calcium as 
chlorides, and leaves the sulphate of barium undissolved. 

Calculated percentage. 

Sulphate of barium - - 80*41-17 Ba« 58*83. 

„ strontium - - SO* 52*23 Sr* 47*77. 

calcium, hydrated 80*55*81 Ca* 2326 2H20 2093. 

„ dry - 80*70-59 Ca* 29 41. 
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10. Dolomite, Hitter-spar. (Carbonate of calcium and 
magnesium, frequently carbonate of iron also.) 

The mineral, dried at 100°, is dissolved in hydrochloric acid (in 
a flask or covered beaker), a little nitric acid added, and the whole 
heated, in order, to convert the iron into sesquisalt : chloride of 
ammonium and a slight excess of ammonia are then added, and 
any ferric oxide that may be precipitated filtered off rapidly. The 
calcium is then precipitated from the filtrate as oxalate (4. a), and 
the magnesium as double phosphate (5. a). K the mineral con- 
tains any silica, it is left undissolved by the hydrochloric acid, and 
is separated by filtration. The ferric oxide precipitated by 
ammonia, generally contains some magnesium and (if the ammonia 
contain any carbonate) some calcium : in very accurate analyses, 
the iron should be precipitated as in 11. The carbon and oxygen 
are estimated by difference : or directly, with a fresh portion of 
mineral, as in 4. b. 

11. Spathic Iron-ore. (Carbonate of iron, frequently con- 
taining carbonates of manganese, calcium, and magnesium.) 

The mineral, finely powdered and dried, is dissolved in kot 
hydrochloric acid, nitric acid or chlorate o£ "pol«is«>\w\xv\i^\Tv% ^^^^^ 

p 



210 COPPER-PYRITES. PART ir. 

from time to time, so as to convert all the iron into sesquisalt. 
The solution is then nearly neutralised with carbonate of sodium, 
a saturated solution of acetate of sodium added, and the whole 
heated, when all the iron is precipitated ; it is filtered from the 
hot solution, washed with hot water, dried, ignited, and weighed 
as sesquioxide (2. a). The filtrate is mixed with a slight ex- 
cess of hypochlorite of sodium, acidulated with acetic acid, and 
allowed to stand for 24 hours, when all the manganese is precipi- 
tated as binoxide. If the supernatant liquid has a red tinge, 
owing to the formation of some permanganic acid, a few drops of 
alcohol must be added, and it must not be filtered tUl it is colour- 
less. The precipitate is converted into manganoso-manganic 
oxide, Mn^OS by ignition, and weighed. (Mn^O* : Mn® : : 55 : 39.) 
In the filtrate calcium and magnesium are determined, as in 10. 

Another method, especially applicable where but little manga- 
nese is present, is to dissolve the mineral as before, to add 
ammonia to the solution until a permanent precipitate is just 
formed, and to precipitate the iron by neutral succinate of ammo- 
nium : the precipitate is filtered off rapidly, washed with cold 
water, dried, ignited in a porcelain crucible, and weighed as ferric 
oxide. The filtrate is acidulated with hydrochloric acid, evapo- 
rated to dryness, and heated till the ammoniacal salts are ex- 
pelled: the residue is dissolved in dilute hydrochloric acid, the solu- 
tion saturated with chlorine, the manganese precipitated as sesqui- 
hydrate by ammonia, filtered off as rapidly as possible to avoid the 
formation of carbonate of calcium, and converted into Mn^O* by 
ignition, as before. The calcium and magnesium are then deter- 
mined in the filtrate. 

12. Copper-pyrites. (Sulphide of copper and iron.) 

The powdered mineral is heated (not to boiling) with aqua- 
regia in a small flask, until the sulphur which separates out is of a 
pure yellow colour : the flask should be placed obliquely over the 
lamp, so as to avoid loss from possible ebullition. If the sulphur 
is fused into globules, it may be separated by decantation ; if it is 
in the form of a powder, it must be collected on a weighed filter 
(the solution having been diluted before filtration): in either case 
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it is thoroughly washed, dried in a porcelain crucible at a very 
gentle heat, and weighed. It should then be burnt, to see if it 
contains any metal, or quartz, &c., the weight of which, if found, 
must be deducted. The sulphur that has been oxidised into sul- 
phuric acid is then precipitated from the solution by chloride of 
barium, as in 1. c, and its weight added to that of the undissolved 
sulphur. (SO^Ba-' : S : : 233*2 : 32.) The filtrate is freed from 
excess of barium by dilute sulphuric acid, and the copper com- 
pletely precipitated by hydrosulphuric acid. The sulphide of 
copper is filtered off as rapidly as possible, washed witli water 
containing hydrosulphuric acid, dried on the filter, detached as far 
as possible and thrown into a beaker, the filter being incinerated 
separately, and its ash added to the precipitate. The whole is 
then heated with strong nitric acid until the separated sulphur is 
of a pure yellow colour : the solution is diluted and filtered, and 
the copper precipitated from the filtrate by potash, as in 1. b. The 
filtrate from the sulphide of copper is heated, nitric acid being 
added from time to time to convert all the iron into sesquisalt, 
which is then precipitated by ammonia, as in 2. a. 

13. Zinc-blende. (Sulphide of zinc, generally contains iron, 
sometimes copper and cadmium.) 

The mineral is dissolved^ and the sulphur estimated, as in 12. 
The solution, freed from barium by dilute sulphuric acid, is satu- 
rated with hydrosulphuric acid, which precipitates the copper 
and cadmium as sulphides ; these are filtered off, dissolved to- 
gether with the filter in nitric acid, the solution saturated with 
potash, and hydrocyanic acid added till the precipitate formed is 
redissolved. From this solution the cadmium is precipitated by 
hydrosulphuric acid : the filtrate, containing the copper, is boiled 
with aqua-regia, and precipitated by potash (1. b). The sulphide 
of cadmium is dissolved in nitric acid, and the cadmium precipi- 
tated as carbonate by carbonate of sodium, dried, converted into 
oxide by ignition, and weighed. (Cd'^0 : Cd^ : : 8 : 7.) The fil- 
trate from the sulphides is boiled, hypochlorite of sodium being 
added to convert all the iron into sesquisalt, neutralis^e^^xxXv 
flTTimonia, and the iron precipitated by succmaV^ o^ ^\xiT£ia\xv^\sw 
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(11). Kthe iron be precipitated at once hj ammonia, it carries 
down some zinc From the filtrate, the zinc is precipitated by 
sulphide of ammonium* : the sulphide of zinc is washed with 
water containing a little sulphide of ammonium, dissolved wliile 
moist (with the filter) in hot hydrochloric acid, and the hot solu- 
tion precipitated by carbonate of ammonium. The carbonate of 
zinc, when ignited, is converted into zinc-oxide, and so weighed. 
(Zn20:Zn2:: 81: 65.) 

14, Alloy of Copper and Zinc. (Brass.) 

The metal is dissolved in hydrochloric acid, with gradual 
addition of nitric acid, the solution diluted, and precipitated by 
hydrosulphuric acid : the sulphide of copper is treated as in 12. 
The filtrate is heated to boiling, to expel free hydrosulphuric 
acid, and the zinc precipitated from the hot solution by carbonate 
of sodium (13). Or the dilute solution of the alloy is neutralised 
with ammonia, and digested with a slight excess of solid potash 
till the colour and ammoniacal smell have disappeared : the pre- 
cipitated cupric oxide is filtered off, and the zinc precipitated 
from the filtrate by sulphide of ammonium (13). If the brass 
contains tin, it should be dissolved in nitric acid, when the tin 
remains undissolved as binoxide. Brass frequently contains traces 
of lead, which would be precipitated with the copper by hydro- 
sulphuric acid, and may be detected by evaporating to dryness 
the solution of sulphide of copper in nitric acid, and treating the 
residue with water, when the sulphate of lead remains undis- 
solved. 

15. .4 Hoy of Copper and Tin. (Bronze, Bell-metal, 
Gun-metal.) 

The alloy is finely divided and oxidised with concentrated 
nitric acid, most of the free acid evaporated off, hot water added, 
and the undissolved binoxide of tin filtered off, washed, dried, 
ignited, and weighed. (SnO^ : Sn::150 : 118.) The copper 
is precipitated from the filtrate by potash (1). If the alloy con- 

* If no ammoniacal salts be present, the zinc may be precipitated at once hj 
carbonate o/ ammonium. 
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tain lead, iron, and zinc, the lead is precipitated (after filtering off 
the stannip oxide) hj sulphuric acid, then the copper by hydro- 
sulphuric acid, and the zinc and iron separated as in 13. The 
binoxide of tin separated by the above method is not quite free 
from copper. A more accurate method is to dissolve the alloy in 
weak aqua-regia, to precipitate with carbonate of sodium, to heat 
the whole to boiling, to acidulate with nitric acid, and allow the 
whole to digest for some time ; when the binoxide of tin remains 
undissolved. 

Another method is to heat the alloy in a bulb-tube in a stream of 
dry chlorine, when the tin (and part of the iron) are volatilised as 
chlorides: they are received in dilute hydrochloric acid, and the tin 
precipitated as sulphide, which is converted into oxide by ignition. 
The residual chlorides of copper and lead are reduced by hydro- 
gen, the metals dissolved in nitric acid, and separated as in 14. 

16. Alloy of Copper, Zinc, and IVickel. (German Silver.) 

The alloy is dissolved in nitric acid, most of the free acid evapo- 
rated off, and the copper precipitated from the dilute solution by 
hydrosulphuric acid (12). The filtrate is boiled, and the nickel 
and zinc precipitated hot by carbonate of sodium. The precipi- 
tate is ignited, powdered, and heated in a stream of dry hydrogen 
as long as any water is formed, whereby the nickel alone is 
reduced : the mixture of metallic nickel and oxide of zinc is 
digested for 24 hours with a concentrated solution of carbonate 
of ammonium, which dissolves the oxide of zinc : the metallic 
nickel is washed, dried, and weighed. The zinc solution is evapo- 
rated to dryness, ignited, and weighed as oxide. Or, the filtrate 
from the sulphide of copper is concentrated by evaporation, 
mixed with excess of potash, and hydrocyanic acid added till the 
precipitate is dissolved : from this solution sulphide of potassium 
(not sulphide of ammonium) precipitates the zinc alone as sul- 
phide : the precipitate is treated as in 13. The filtrate is boiled 
with aqua-regia, and precipitated while hot with potash : the 
precipitate is washed with hot water, dried, ignited, and weighed 

as oxide of nickel. (Ni20 : Ni^ : : 37 : 29.) 

p3 
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17. Alloy of Silver and Copper. (Silver Coins.) 

The alloy is dissolved in nitric acid, and the silver precipitated 
from the solution by hydrochloric acid : the chloride of silver is 
treated as in 3. a. (AgCliAg:: 143*5: 108.) The copper is pre- 
cipitated from the filtrate by potash (1. b). If the alloy contain 
any gold, it remains undissolved by the nitric acid as a brown 
powder. 

18. Alloy of C^old with Slilver or Copper. (Gold 
coins, &c.) 

a. Gold and Silver. — The methods of analysing these alloys 
vary according to the proportion of each metal present. An 
alloy containing less than 15 per cent silver may be treated with 
aqua-regia, which dissolves all the gold, leaving the silver as 
chloride : the gold is precipitated from the solution, in the me- 
tallic state, by oxalic acid or ferrous sulphate, washed, ignited, 
and weighed as metal. An alloy containing more than 80 per 
cent, silver may be treated with nitric acid, which dissolves all 
the silver, leaving metallic gold : the silver is precipitated as 
chloride : the gold should be dissolved in aqua-regia, to ascertain 
whether it contains any trace of silver, and precipitated as above. 
The alloy must be finely laminated in both these cases. Alloys con- 
taining between 15 and 80 per cent, silver must be fused in a porce- 
lain crucible with 3 times their weight of pure lead : from the alloy 
thus formed nitric acid dissolves all the silver and lead, leaving 
the gold. The silver is precipitated by hydrocyanic acid, or from 
the very dilute boiling solution by hydrochloric acid. Cyanide of 
silver must be collected on a weighed filter, dried at 100°, and 
weighed ( AgCN : Ag : : 67 : 54). 

All alloys of gold and silver, whatever the relative proportions 
of the two metals, may be analysed by heating the thinly lami- 
nated alloy with concentrated sulphuric acid until all evolution of 
gas has ceased ; the sulphate of silver is then dissolved out with 
hot water, and the residue of metallic gold washed, ignited, and 
weighed. 

h, Crold and Copper, — The alloy is dissolved in aqua-regia, 
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and the gold precipitated from the solution (which must not con- 
tain any free nitric acid) hj oxalic acid : the copper is then pre- 
cipitated from the filtrate by potash (1. b). Or the gold may. be 
precipitated by ferrous sulphate, and then the copper by hydro- 
sulphuric acid. 

19. Alloy of Tin and I^ead (Pewter, soft solder); of 

Tin, I^ead, and Bismuth. (Fusible metal.) 

a. Tin and Lead. — The alloy is powdered, and oxidised with 
moderately strong nitric acid, which converts the tin into inso- 
luble binoxide ; water is added, and the stannic oxide filtered off, 
dried, ignited, and weighed (15). The filtrate is evaporated, with 
addition of dilute sulphuric acid, till all the nitric acid is expelled: 
the sulphate of lead is filtered off, and treated as in 7. a. 

b. Tw, Lead, and Bismuth. — The alloy is treated as above : 
the stannic oxide must be washed with water acidulated with 
nitric acid to dissolve any basic bismuth-salt that has been preci- 
pitated by dilution. The filtrate is treated as above with sul- 
phuric acid, and the sulphate of lead washed with water containing 
sulphuric acid ; the bismuth is then precipitated by carbonate of 
ammonium, the whole allowed to stand for some time till the pre- 
cipitate is completely separated, when it is filtered off, washed, 
dried, ignited, and weighed as bismuthic oxide. (Bi^O^ : Bi^ : : 
29 : 26.) 

20. Alloy of Antimony and l^ead. (Type-metal.) 

The finely -divided alloy is oxidised with moderately strong 
nitric acid, ammonia added in slight excess, and then excess of 
yellow sulphide of ammonium, with which the whole is digested 
out of contact with the air, until the precipitate is perfectly black. 
This precipitate, which contains all the lead as sulphide, is col- 
lected on a weighed filter, washed with weak sulphide of ammo- 
nium, and finally with water, dried carefully at a gentle heat, and 
weighed (Pb^S : Pb^ : : 239 : 207) ; or, as the sulphide of lead may 
contain free sulphur, it is safer to convert it into sulphate by 
treatment with strong nitric acid. From the filtrate, the sulphide 

f4 
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of antimoDj is precipitated bj dilute sulphuric acid, collected on a 
weighed filter, dried, and weighed. In order to estimate the 
antimony, a weighed portion of the sulphide is oxidised by con- 
centrated nitric acid, and hydrochloric acid added till all the anti- 
mony is dissolved : enough tartaric acid is then added to prevent 
precipitation by dilution, and the whole diluted with water ; and 
the amount of sulphur determined, as in 12, by weighing the 
unoxidised sulphur, and precipitating the oxidised sulphur by 
chloride of barium. From this the amount of sulphur, and con- 
sequently that of antimony, is calculated for the total weight of 
the precipitated sulphide of antimony. A simpler method is that 
recommended by Bunsen (p. 94), of oxidising the sulphide of 
antimony by fusion with mercuric oxide, and estimating the 
antimony as Sb^O^. (Sb^O^ : SM : : 19 : 15.) 

Arsenic and lead are separated in a similar manner : the sul- 
phide of arsenic, however, is converted into arsenic acid by solu- 
tion in hydrochloric acid with addition of chlorate of potassium, 
and precipitated by sulphate of magnesium (after addition of 
ammonia and chloride of ammonium) as arsenate of magnesium 
and ammonium ; which, after standing 24 hours, is collected on a 
weighed filter, washed with dilute ammonia, dried at 100°, and 
weighed. ( As04Mg2(NH4) + ^H^O : As : : 38 : 15.) 

21. Cobalt-glance. (Sulphide and arsenide of cobalt: ge- 
nerally containing nickel and iron, sometimes manganese 
and quartz.) Speiss-cobalt (arsenide of cobalt, with small 
quantities of nickel, iron, and copper). Copper-nickel 
(arsenide of nickel; also cobalt and iron). The smelting- 
products, called cobalt- and nickel-speiss, contain the same 
elements, and frequently copper and bismuth. 

The same methods of analysis apply to all these minerals. 

a. The mineral is very finely powdered and carefully mixed 
with 6 times its weight of a mixture of 2^ parts nitre, and 3 
parts carbonate of sodium, in a porcelain crucible : it is then 
fused for some time at a dull red heat, the fused mass digested 
with water, and the metallic oxides filtered off and thoroughly 
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washed.* The filtrate, which contains all the arsenic as arsenate, 
and all the sulphur as sulphate, of sodium, besides some alkaline 
carbonate, is acidulated with hydrochloric acid, chloride of 
barium added, and the sulphur calculated from the weight of the 
sulphate of barium precipitated (12). The filtrate is freed from 
excess of barium by dilute sulphuric acid, chloride of ammonium 
and ammonia added, and then sulphate of magnesium, which pre- 
cipitates the arsenic as arsenate of magnesium and ammonium 
(20). The metallic oxides are dissolved in concentrated hydro- 
chloric acid, the ashes of the filter being added to the solution, 
and the copper and bismuth precipitated by hydrosulphuric acid : 
the sulphides are washed with water containing hydrosulphuric 
acid, dissolved in nitric acid, and the two metals separated by 
carbonate of ammonium, which precipitates only the bismuth 
(19). The filtrate from the sulphides is heated, chlorate of potas- 
sium being added, to convert the iron into sesquisalt, and the iron 
precipitated by succinate of ammonium (11). From the filtrate 
the cobalt and nickel are precipitated by potash at a boiling heat, 
and separated as at p. 148. If the two oxides be reduced by 
hydrogen, and the reduced metal weighed before dissolving it in 
hydrochloric acid, the direct determination of the cobalt will not 
be necessary. If manganese be present, the oxides precipitated 
by potash are converted into sulphides by heating them in a small 
porcelain boat in a stream of hydrosulphuric acid : the sulphides 
when cold are treated with very dilute hydrochloric acid, which 
dissolves the sulphide of manganese, leaving those of nickel and 
cobalt undissolved. The separation is not quite so exact when 
the sulphides precipitated by sulphide of ammonium are treated 
with acetic acid. The manganese is precipitated by carbonate of 
sodium, ignited, and weighed as Mn^O* (11). If the mineral 
contain any quartz, it is left behind when the oxides are dissolved 
in hydrochloric acid. 

♦ If the contents of the crucible are allowed to cool completely before adding 
water, the crucible invariably breaks. This is prevented by carefully intro- 
ducing the crucible, while its contents are still at a temperature of 100°— 120-', 
edgeways into a porcelain basin of hot water, when the contents are readily 
dissolved out without injury to the crucible. 
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b. The finely-powdered mineral may be oxidised by gradually 
heating it with 3 parts chlorate of potassium and 3 parts car- 
bonate of sodium, until the whole is in a state of tranquil fusion : 
this may be done in a platinum crucible, the bottom of which 
has been covered with carbonate of sodium. The fused mass is 
treated as in (a). 

c. The mineral may be dissolved in concentrated hydrochlo- 
ric acid with gradual addition of nitric acid, the undissolved 
sulphur filtered off, and the sulphuric acid formed precipitated by 
chloride of barium (12). The filtrate, freed from excess of 
barium, is heated with sulphurous acid till it no longer smells of 
sulphurous anhydride, and saturated at a gentle heat with hydro- 
sulphuric acid. The sulphide of arsenic is filtered off after 24 
hours, dissolved in aqua-regia, and the arsenic precipitated as in 
(a). The filtrate is treated as in (a). 

d. If the mineral contain lead and silver, it may be advan- 
tageously analysed by means of chlorine, as in the case of fahl- 
ore (22). 

22. Fabl-ore. (Sulphides of antimony, arsenic, copper, 
silver, mercury, iron, and zinc.) 

All these metals are not found in every specimen of fahl-ore : 
different specimens vary considerably both in the number and rela- 
tive proportion of their constituents. 

The finely-powdered mineral is introduced into a double bulb- 
tube, one end of which is bent at a right angle, care being taken 
that all the mineral is contained in the bulb which is farthest 
from the bent end. The straight end of the tube is then con- 
nected with an apparatus for the evolution of perfectly dry 
chlorine ; and the bent end is introduced air-tight into a receiver 
— a large U tube answers the purpose — containing a mixture of 
dilute hydrochloric and tartaric acids : a bent tube is connected 
with the other end of the U tube, by which the excess of chlorine 
is conducted into methylated spirit. The bulb-tube should not 
be attached to the chlorine apparatus till all the atmospheric 
air has been driven out of the latter. A very slow stream of 
chlorine is then passed through the tube, which decomposes the 
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faU-ore with considerable evolution of heat : and when the bulb 
containing the mineral has cooled, it is heated gentlj in order to 
separate the volatile chlorides, which must be driven beyond the 
space between the two bulbs. Those elements which are volati- 
lised as chlorides are sulphur^ arsenic^ antimony^ mercury^ part of 
the iron (and, if too strong a heat has been applied, some of the 
zinc): those which remain in the bulb as non-volatile chlorides 
are copper^ silver^ zinc, and most of the iron. 

For the analysis of the volatile chlorides, the bulb-tube is 
divided between the two bulbs, and the portion containing the 
sublimate covered with a wide tube, closed at one end, and 
moistened on the inside with water, in which position it is left for 
24 hours. The sublimate thus absorbs water gradually, and may 
then be dissolved out with water, without the evolution of heat 
and probable loss which would ensue if this precaution were 
neglected. The tube being thoroughly rinsed out, the solution 
is added to the liquid in the receiver : any sulphur that separates is 
filtered off, and any antimony that precipitates is dissolved by heat. 
The acid solution is then saturated with hydrosulphuric acid, th6 
washed precipitate digested with sulphide of ammonium, the 
undissolved sulphide of mercury collected on a weighed filter, 
dried at 100°, and weighed. (Hg2S : Hg^ : : 29 : 25.) The sul- 
phides of antimony and arsenic are precipitated from the sulphide 
of ammonium solution by dilute sulphuric acid, and the metals 
separated as at p. 93. The filtrate (containing tartaric acid) is neu- 
tralised by ammonia, sulphide of ammonium added, the precipi- 
tated sulphide of iron filtered off, washed witfi water contain- 
ing hydrosulphuric acid, dissolved in hydrochloric acid, the solu- 
tion heated with nitric acid, and the iron precipitated by am- 
monia (2. a). 

The bulb containing the non-volatile chlorides is digested with 
dilute hydrochloric acid till only chloride of silver remains undis- 
solved.: this is weighed as in 3. a. From the solution the copper 
is precipitated by hydrosulphuric acid (12) : the iron and zinc in 
the filtrate are separated as in 13. 

The sulphur is best estimated in a separate portion of the ore, 
which is oxidised by careful fusion with Z "^xXa 0c\<5t^\fc ^*^ 
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potassium and 3 parts carbonate of sodium (21. b): the fused 
mass is digested with water, the solution acidulated with hydro* 
chloric acid, and precipitated by chloride of barium (1. c). 

This mode of analysis is applicable to boumonite (sulphides of 
antimony, lead, and copper) ; red silver-ore (sulphides of antimony 
or arsenic and silver) ; and other minerals resembling fahl-ore 
in composition. If lead be present, the chlorides must be vola- 
tilised at a very gentle heat, when the lead will remain with the 
non-volatile chlorides : and when these chlorides are treated with 
dilute hydrochloric acid, a large quantity of water must be added, 
to ensure the solution of the chloride of lead. 



23. MesMitype or IKTatrolite. (Silicate of aluminium and 
sodium, containing water of crystallisation.) 

The water is determined by igniting a weighed portion of the 
finely divided mineral, which has been dried at 100°. 

Another portion, dried at 100° but not ignited, is digested 
with concentrated hydrochloric acid in a porcelain basin, until all 
that is undissolved is converted into a jelly, in which no gritty 
particles can be detected by rubbing with a glass rod. It is then 
evaporated to complete dryness on a waterbath, with frequent 
stirring, the residue moistened with hydrochloric acid and allowed 
to stand for half an hour without heating, and then digested with 
hot water. The silica is filtered off, washed till the washings 
give no cloudiness with nitrate of silver, completely dried, 
ignited (with the filter), and weighed. (Si02 : Si : : 60-5 : 28-5.) 
From the filtrate the aluminium is precipitated as hydrate by 
sulphide (or carbonate) of ammonium, washed with hot water, 
dried, strongly ignited, and weighed. (A1*0^ : Al* : : 102*4 : 
64*4). The filtrate from the alumina is evaporated to a small 
bulk, transferred to a weighed platinum crucible, carefully eva- 
porated to dryness, and heated till ammoniacal salts are expelled ; 
the residual chloride of sodium is ignited gently, and weighed 
(6. b). If the mineral contain any iron, it will be precipitated as 
sulphide by the sulphide of ammonium, and will give a more or 
Jess black tinge to the alumina. In order to estimate it the pre- 
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cipitate is dissolved in hydrochloric acid, heated to boiling, sul- 
phite of sodium added, and then excess of caustic soda, and the 
whole boiled till the precipitate is black and pulverulent. This 
black precipitate (ferrosoferric oxide) is filtered off, dissolved in 
hydrochloric acid, nitric acid added and the whole boiled, and the 
iron precipitated by ammonia (2. a). From the acidulated filtrate 
the aluminium is precipitated as above. The alumina and fetric 
oxide, after weighing, should be treated again with hydrochloric 
acid, as they frequently contain small quantities of silica, the 
weight of which must be deducted, and added to that of the 
silica previously obtained. Similarly, the purity of the silica ob- 
tained in the analysis of a silicate should always be tested by 
carbonate of sodium or hydrofluoric acid : pure silica dissolves 
entirely in the former, and when dissolved in the latter leaves no 
residue on evaporation. 

In silicate analyses, calculate the silicon and metals separately : 
the oxygen is determined by difference. 

24. Prehnite. (Silicate of calcium and aluminium, containing 
water of crystallisation.) 

The same portion in which the water has been determined by 
ignition is decomposed by hydrochloric acid, and the silica 
and aluminium separated as in 23. Air should be excluded as 
far as possible during the filtration of the alumina, which must be 
precipitated by sulphide of ammonium : from the filtrate the cal- 
cium is precipitated as oxalate (4. a). As the alumina thus sepa- 
rated generally contains both silica and lime, it must, after weigh- 
ing, be redissolved in hydrochloric acid, evaporated to dryness, 
and the above process of separation repeated : the weights of silica 
and calcium obtained being deducted from that of the alumina 
and added to the former amounts. If iron be present it is sepa- 
rated as in 23. Stilbite ( a mineral containing the same elements 
as prehnite) is analysed in the same manner, excepting thai (as 
in mesotype and most other zeolites) the portion decomposed by 
hydrochloric acid must not have been ignited. 
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25. Oliirine. (Silicate of iron and magnesium: contains 
also traces of nickel and manganese, frequently of copper 
and tin.) 

The mineral is decomposed and the silica separated as in 23. 
The filtrate is saturated with hydrosulphuric acid, which preci- 
pitates copper and tin as sulphides : the filtrate from which is 
concentrated by evaporation, boiled with chlorate of potassium, 
and the iron precipitated by succinate of ammonium or carbonate 
of barium (11). The nickel and manganese are then precipitated 
by sulphide of ammonium, excess of which must be avoided : the 
precipitate is allowed to subside completely, filtered off, washed 
with very dilute sulphide of ammonium, and treated on the filter 
with very dilute hydrochloric acid, which dissolves only the sul- 
phide of manganese. The sulphide of nickel is ignited in the 
air and weighed as oxide (16): the manganese is precipitated by 
carbonate of sodium at a boiling heat, ignited, and weighed as 
Mn^O* (11). Finally the magnesium is precipitated by phosphate 
of sodium (5. a). 

26. Felspar. (Silicate of aluminium and potassium). 

a. Silicon and Aluminium, — The mineral is very finely pow- 
dered, dried at about 200°, and intimately mixed in a platinum 
crucible with 4 times its weight of a mixture of carbonates of 
potassium and sodium, and fused for half an hour at a strong red 
heat. When cool the crucible is placed in a beaker, digested with 
very dilute hydrochloric acid, the beaker being covered with a 
glass plate to prevent loss by spurting. When the fused mass is 
completely removed from the crucible, the contents of the beaker are 
transferred to a porcelain basin, evaporated to dryness with excess 
of hydrochloric acid, and the silicon, aluminium (and iron, if pre- 
sent), determined as in 23. If the felspar contain Calcium (as 
labradorite, anorthite), the aluminium is precipitated by sulphide 
of ammonium, and the calcium from the filtrate by oxalate of am- 
monium (4. a). 

b. Potassium. — A second portion of the powdered mineral is 
decomposed by hydrofluoric acid in a platinum dish, either by 
dlsrestiDff it with the liquid acid, or by exposing it, moistened with 
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dilate sulphuric acid, to the vapours of the acid evolved from 
fluorspar and sulphuric acid in an appropriate leaden vessel (p. 64). 
When the decomposition is complete, concentrated sulphuric acid 
is cautiously added, the whole evaporated to dryness, and heated 
till all the fluorine and silicon are volatilised, and the excess of 
sulphuric acid expelled. The residue is moistened with concen- 
trated sulphuric acid, and water added, in which it should 
dissolve completely, and the aluminium and iron separated as 
above. The filtrate is evaporated to dryness, heated to expel the 
ammoniacal salt, a fragment of carbonate of ammonium being 
placed in the hot crucible to prevent the formation of an acid 
sulphate; and the residual normal sulphate of potassium weighed. 
(SO*K^ : K^ : : 87 : 39.) If sodium be present also, the mixed sul- 
phates are converted into chlorides by repeated ignition with 
chloride of ammonium until their weight is constant, and the 
metals separated as in 8. 

Another method, which, like the preceding one, will serve 
either for the complete analysis of the felspar, or for the estima- 
tion of its alkaline metals only, is to treat the mineral as in (a), 
substituting carbonate of barium for the alkaline carbonates : or 
it may be fused in a silver crucible with hydrate of barium. 
After the separation of the silica, the barium is removed by 
dilute sulphuric acid (excess of which must be avoided), and the 
analysis proceeded with as above. It is essential to the success 
of this method that the mineral be reduced to a perfectly impal- 
pable powder, that the mixture with the flux be as intimate as 
possible, and that the fusion be effected at an intense white heat. 
Whenever a sufficient quantity of the mineral is at hand, it is 
preferable to analyse it in two distinct portions, as directed 
above. 

27. CMasfi. (Silicate of calcium and potassium or sodium, 
frequently also of lead; often contains iron, manganese, 
aluminium, and magnesium). 

Glass is analysed in the same manner as felspar. One portion 
is taken for the determination of all the elements except -vK^ 
alkaline metals, and fused with alkaWne c^t\>oxi.«A.^^, Mxkx 'Ocw^ 
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separation of the silica, the lead is removed bj hydrosulphuric or 
sulphuric acid : chlorine-water is added to the filtrate and then 
ammonia, which precipitates iron, manganese, aluminium, and 
perhaps magnesium. The calcium is then precipitated bj oxalate 
of ammonium (4. a), and the filtrate tested for magnesium by phos- 
phate of sodium. 

A second portion is decomposed by hydrofluoric acid, or by 
fusion with carbonate of barium, for the determination of the 
alkaline metals (26). 

28. Anffite* Hornblende, C^arnet, Idocrase, Epidot.* 

(Silicates of iron, manganese, aluminium, calcium, and mag- 
nesium.) 

The finely powdered mineral is fused with 4 parts alkaline car- 
bonates, the fused mass treated with hydrochloric acid, with 
addition of a few drops of nitric acid, and the silica separated as 
in 26. The filtrate is treated with chlorine-water and ammonia, 
which precipitates iron, manganese, aluminium, and perhaps mag- 
nesium: after which the calcium is precipitated by oxalate of am- 
monium, and the magnesium by phosphate of sodium. The pre- 
cipitate by ammonia is dissolved in hydrochloric acid, heated to 
boiling in order to convert all the manganese into protochloride, 
largely diluted, and gradually neutralised by carbonate of sodium, 
with constant stirring : the iron and aluminium are thus precipi- 
tated, filtered off, and separated as in 23. From the filtrate, which 
contains the manganese and magnesium as acid carbonates, the 
manganese is precipitated by hypochlorite of sodium, as in 11: 
and the magnesium, after concentration, by phosphate of sodium. 
Carbonate of barium may also be employed to precipitate the iron 
and aluminium. 

29. Bone-eartb. (Normal phosphates of calcium and magne- 
sium, carbonate and fluoride of calcium.) 

In order to estimate the amount of bone-earth, or ash, contained 
in bones, a portion of the bone is carefully cleaned, powdered, di- 
gested with water, and dried at 150°. A weighed portion of the 

* Garnet, idocrase, and epidot are completely decomposed by hydrochloric 
acid after ignition. 
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powder is then ignited until it is perfectly white, when it consists 
of nothing but bone-earth. Another portion of the dry powder is 
taken for the determination of the carbonic acid by loss (4. b). 

A portion of the perfectly white earth is dissolved in hydro- 
chloric acid, heated for some time to expel all the carbonic acid, 
saturated with ammonia, the precipitate redissolved in as little 
hydrochloric acid as possible, and acetate of sodium added. Traces 
of iron are generally thus precipitated as phosphate, and must be 
filtered off and estimated: but if a more abundant white precipi- 
tate is formed, dilute hydrochloric acid is added till it is entirely 
redissolved. From the solution the calcium is then precipitated 
by oxalate of potassium (4. a) : the filtrate is saturated with am- 
monia, which precipitates all the magnesium (together with the 
amount of phosphoric acid corresponding to it) as phosphate; this 
is filtered off, ignited, and Weighed, and the rest of the phosphoric 
acid precipitated from the filtrate by sulphate of magnesium, chlo- 
ride of ammonium, and ammonia (6. a). 

Another method is to heat the bone-earth with moderately strong 
nitric acid, together with a weighed quantity of pure metallic tin, 
from two to three times the weight of the earth. All the phos- 
phoric acid in the earth combines with the tin, forming an in- 
soluble compound, which is filtered off after dilution, dried, ignited, 
and weighed. The excess of weight of this residue over that of 
the tin employed, represents the phosphorus and oxygen of the 
phosphoric acid. The calcium and magnesium are determined 
in the filtrate as usual. A more accurate method of estimating 
the phosphoric acid is by transferring the insoluble phosphate 
of tin, washed by decantation, to a platinum dish, dissolving 
it in the smallest possible quantity of caustic potash, saturating 
the solution with hydrosulphuric acid, adding sulphide of am- 
monium, and acidulating feebly with acetic acid. The whole 
is then transferred to a weighed flask of about 1 litre capa- 
city, diluted with water, and the full flask weighed. After about 
twelve or sixteen hours' standing, the clear solution is passed 
through a filter, concentrated, and the phosphoric acid precipitated 
as phosphate of magnesium and ammonium. The flask is tWw 
weighed again, in order to determine t\\e ^^\^\. o^ >iX^fc X^s>^^5v^ 

Q 
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poured off. It is then only necessarj to ascertain the weight of 
the sulphide of tin, either directly or by calculation, in order to 
be able to calculate the total amount of phosphoric acid. 

Tlie fluorine is either determined in a separate portion by the 
process given at p. 47 ; or by calculation, by deducting from the 
total weight of calcium obtained the amount which was contained 
in the earth as carbonate and phosphate ; the excess of calcium 
was contained as fluoride. (CaF : F : : 39 : 19.) 

30. Ashes, animal or vegetable. (Salts of iron, magnesium, 
calcium, potassium, sodium (rarely manganese and alumin- 
ium); generally carbonates, silicates, sulphates, phosphates, 
chlorides (rarely bromides, iodides, and fluorides). 

^ The vegetable or animal matter is incinerated until the car- 
bonaceous matter is completely burnt,- and the residue is quite 
white : the occasional addition of a drop of nitric acid facilitates 
the combustion of the carbon. If the substance were previously 
dried at 100° and weighed, the weight of the ash will give the 
percentage of inorganic constituents. The ash should be finely 
powdered and kept in a stoppered bottle. 

a. Carbonic acid is determined by loss (4. b) in a portion of 
the ash which has been incinerated without the addition of nitric 
acid. 

b. Chlorine {Bromine, Iodine), '^■- A second portion of the ash 
is digested with water acidulated with nitric acid, and the chlorine 
precipitated from the filtrate by nitrate of silver (3. a). 

c. Silicon and other constituents. — A larger portion of the ash 
is decomposed by excess of hydrochloric acid, and the silica 
separated as in 23. When, as is often the case, the ash contains 
carbon or sand, these will remain with the silica, which should 
therefore, after weighing, be digested with dilute potash in a 
platinum crucible till all the silica is dissolved, except that exist- 
ing as sand. The residue is collected on a weighed filter, weighed, 
!ind its weight deducted from that of the silica, and from that of 
the ash employed. By evaporation to dryness with hydrochloric 
acid, the silica may be separated again from the alkaline solation. 
The £ltrate containing all the other constituents of the ash is 
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measured or weighed, and divided into three portions, whose 
volttiae or weight is ascertained. In one portion the sulphuric 
acid ia estimated by chloride of barium (1. c) : in another, the 
alkaline metals (8) : in the third, the other metals and the phos* 
phoric acid (28, 29). 

When, as is the case with the ashes of seeds, the whole or the 
greater part of the ash consists of phosphates, the analysis pro- 
ceeds as in 29; the filtrate from the silica is saturated with 
ammonia and then with acetic acid, when the iron and part of 
the phosphoric acid are precipitated as phosphate; then the 
calcium is precipitated by oxalate of potassium: then another 
part of the phosphoric acid and all the magnesium by ammonia : 
and then the rest of the phosphoric acid by a magnesium-salt. 
When the ash is poor in phosphoric acid, the addition of ammonia 
after the removal of the calcium does not precipitate all the mag- 
nesium: that which remains in solution must be precipitated by 
phosphate of sodium, or, if the alkalis are to be determined in the 
same solution, by phosphate of ammonium. When manganese is 
present, as well as iron and phosphoric acid, the phosphate of iron 
is first estimated, by saturation first with ammonia and then with 
acetic acid : the filtrate is then mixed with a known volume of 
ft standard solution of ferric chloride (containing a known amount 
of iron) as neutral as possible, and the whole heated to boiling. 
The precipitate is washed with hot water, ignited, and weighed : 
it contains all the phosphorus and oxygen of the phosphoric 
acid, which is estimated by deducting from the weight of the 
precipitate that of the iron added as chloride. In the filtrate, 
manganese, calcium, and magnesium are determined as in 11. 

For the estimation of the alkaline metals^ the solution of the 
ash (after the separation of silica) is precipitated first by oxalate of 
ammonium, then by excess of ammonia, and finally (if necessary) 
by phosphate of ammonium. The precipitate having been 
thoroughly washed with water containing ammonia, the filtrate 
is somewhat evaporated to drive ofi* free ammonia, and the phos<- 
phoric acid precipitated by acetate of lead : excess of lead is then 
removed from the unaltered solution by carbonate of ammoniuia 

^ q2 
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and ammonia, and the two precipitates filtered off together. The 
filtrate is evaporated to dryness, ignited to expel the ammoniacal 
salts, the residual alkaline chlorides weighed, and separated as 
in 8. Iodine, if present, is estimated in a separate portion of the 
ash by means of nitrate of palladium : the black precipitate, after 
standing for twelve hours, is collected on a weighed filter, dried 
over sulphuric acid, and weighed. (Pd 1:1:: 180 : 127.) 
Fluorine is very rarely present : its quantity cannot be estimated. 
If, as sometimes occurs in the case of graminaceous plants, 
the ash contains a silicate which is not decomposed by hydro- 
chloric acid, it is best decomposed by hydrofluoric acid (26. b), 
and the silicon estimated by loss. 

31. Hfliiieral UTater, (Mineral-springs, sea-water, spring- 
water.) 

The following are the metals and acids which occur in mineral 
waters : — 

Metals. — Potassium, sodium, ammonium, magnesium, calcium, 
iron, manganese, aluminium (rarely lithium, barium, strontium) ; 
also traces of copper, lead, tin, antimony, arsenic (and in some 
springs in mines, zinc). 

' Acids and Non-metallic Elements, — Carbonic (free and com- 
bined), hydrosulphuric (free and combined), silicic, sulphuric, 
phosphoric, boric (nitric), chlorine, bromine, iodine (fluorine); 
humic acids (crenic, and apocrenic), and occasionally volatile 
organic acids. 

Those mineral waters which are poor in alkaline carbonates, 
and which contain the alkaline-earthy metals chiefly as chlorides 
and sulphates, scantily as acid carbonates, are called saline waters. 
Those which are rich in alkaline carbonates, and contain the 
alkaline-earthy metals as acid carbonates, are called alkaline 
waters. The latter are by far the richer in free carbonic acid, 
by which the normal alkaline-earthy carbonates are converted 
into acid carbonates, and so held in solution. Both these waters 
give a precipitate on boiling ; the supernatant liquid of the saline 
waters is neutral, and generally contains soluble salts of calcium 
and magnesium ; that of the alkaline waters is alkaline even after 
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long boiling, and contains no soluble calcium- or magnesium-salts. 
Those waters which are rich in carbonate of iron are called 
chalybeate: those which contain soluble sulphides are called 
8tdphur''Water8. 

In nearly every case a separate portion of the water should be 
taken for the determination of each constituent : for those which 
are present in very small proportion, a large quantity of water 
must be taken, and concentrated by evaporation to a small bulk. 
The first operation is to ascertain the specific gravity. This is 
done by means of a flask with a tightly-fitting perforated stopper, 
which is capable when filled with water of being closed so as to 
exclude any air-bubbles. The flask is weighed when empty, and 
again filled with distilled water at a known temperature : it is then 
emptied, dried (or rinsed out with the mineral water), filled with 
the mineral water at the same temperature, and again weighed ; 
the weight of the mineral water divided by that of the distilled 
water gives the specific gravity of the former, that of the latter 
being taken as unity. The specific gravity being known, the 
portions of water for each determination can be measured off*, 
since the weight of any given volume of water is readily cal- 
culated. (1 cubic centimetre of distilled water at 4° weighs 
1 gramme.) 

a. Carbonic add is determined at the spring. A known volume 
of freshly drawn water is mixed in a stoppered flask with am- 
monia and chloride of barium : when the precipitate has quite 
subsided, the clear solution is passed through a filter, the precipi- 
tate washed two or three times with hot water by decantation, 
filtered without access of air, washed, dried at 100°, and weighed. 
If any of the precipitate cannot be washed out of the flask, it 
may be dissolved in dilute hydrochloric acid, reprecipitated by 
ammonia and carbonate of ammonium, and after washing, col- 
lected on the same filter. The precipitate thus obtained does not 
consist only of carbonate : it contains all the sulphuric acid in the 
water, as well as those substances which would be precipitated by 
boiling the water. The amount of carbonic acid in it must 

therefore be estimated by loss, as in 4. b. The amount thus ob- 

q3 
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tained represents all the carbonic acid in the water, both free and 
combined. If another portion of the water be precipitated by 
boiling, and the amount of carbonic acid in the precipitate de- 
ducted from the total amount, the remainder will represent the 
amount of carbonic acid expelled by boiling : this however is not 
all free carbonic acid, since the acid carbonates are converted by 
boiling into normal carbonates. If the gas evolved by boiling 
the water be collected in a graduated tube over mercury, and the 
carbonic anhydride and hydrosulphuric acid absorbed by potash, 
the residual gas will indicate the amount of other gases (oxygen, 
nitrogen, and hydrocarbons) dissolved in the water. 

b. Hydrosulphuric acid is determined at the spring. To a 
moderately large known volume of the water is added a little 
starch-solution, and then (from a burette) a standard solution of 
iodine in iodide of potassium {see No. 40), until the first appear- 
ance of a distinct blue colour. If the water is alkaline, it must 
be neutralised with acetic acid (or mixed with chloride of ba- 
rium) : if it is hot, it must be allowed to cool in a closed vessel. 
The decomposition of hydrosulphuric acid by iodine being ex- 
pressed by the equation P4-H2S=2Hl4-S, the amount of hydro- 
sulphuric acid present (free and combined) is readily calculated 
from that of iodine employed. (P : H^S : : 127 : 17.) 

c. The total weight of the fixed constituents is ascertained by 
evaporating a known volume of water to dryness, heating the 
residue to about 150° or 200°, and weighing when cold. If much 
chloride of magnesium be present, an error will arise, as this salt 
is decomposed by heat : this may be prevented by dissolving in 
the water before evaporation a known weight of pure ignited car- 
bonate of sodium. 

d. Chlorine (bromine and iodine), — The water is acidulated 
with nitric acid and precipitated by nitrate of silver (3. a). Bro- 
mine and iodine are never present but in very small quantities, so 
that a very large volume of water must be taken for their deter- 
mination. Iodine is precipitated by nitrate of palladium (30): 
bromine andchlorinetogetherby nitrate of silver, and the weighed 
precipitate heated in a current of chlorine, and again weighed 
(p. 38). 
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e. Sulphuric acid. — The water is acidulated with hydrochloric 
acid, and precipitated by chloride of barium (1. c). 

f. Carbonates of irouy manganese, calcium, and magnesium : 
perhaps alumina. — These are precipitated when the water is 
boiled for an hour in a flask. The precipitate is filtered off, dis- 
solved in hydrochloric acid, and the different metals estimated as 
in 28. A latge quantity of water should be employed for this 
determination. 

g. Silicon. — A large quantity of water is acidulated with hy- 
drochloric acid, evaporated to dryness, and the residue treated with 
dilute hydrochloric acid, when the silica alone remains insoluble, 
and is dried, ignited, and weighed. Should the residue contain 
sulphate of calcium, a considerable quantity of water will be 
required to dissolve it. 

h. Boric acid. — The water is mixed with carbonate of sodium, 
concentrated by evaporation, and acidulated with hydrochloric 
acid : turmeric paper dipped into it becomes brown when dried, 
if boric acid be present. 

i. Potassium and sodium, — The water is boiled in a flask to 
about half its volume, and, without filtering, mixed with excess of 
baryta-water, and filtered. Excess of barium is removed from 
the filtrate by carbonate of ammonium and ammonia: the filtrate 
is evaporated to dryness (with addition of chloride of ammonium 
if the alkaline metals are not present as chlorides), the residue 
gently ignited and treated as in 8. 

k. Carbonate of sodium (in alkaline waters). — The water is 
boiled for an hour, filtered, and the filtrate divided into two equal 
parts. In one, acidulated with nitric acid, the chlorine is precipi- 
tated by nitrate of silver. The other is acidulated with hydro- 
chloric acid, evaporated to dryness, the residue gently ignited 
and redissolved in water, and the solution precipitated by nitrate 
of silver. The difference between the weights of this portion of 
chloride of silver and the former, corresponds to the amount of 
carbonate of sodium in the water. (2AgCl : C03Na2 : : 287 : 106.) 

1. Calcium and magnesium, (as soluble salts in saline waters). 
— Calcium is precipitated from the boiled and filtered water by 

Q4 



232 MINERAL WATER. part iv. 

oxalate of ammonium (4) : magnesium from the filtrate by phos- 
phate of sodium (5). 

m. If lithium be present, it remains with the other alkaline 
chlorides when the water is treated as in (i). The three chlorides 
are dissolved in water, the potassium precipitated as chloroplati- 
nate, the filtrate (freed from platinum) evaporated to dryness, and 
the residue treated with alcohol and ether, which dissolves the 
chloride of lithium only. For the estimation of ammoniumy a 
large quantity of water is acidulated with hydrochloric acid, eva- 
porated to dryness but not ignited, the residue boiled with potash, 
and the ammonia evolved collected in dilute hydrochloric acid 
(p. 191). Nitric acid is of rare occurrence: it is detected in the 
concentrated water by ferrous sulphate ; but its estimation is very 
difficult. Perhaps it maybe effected by distilling the concentrated 
water, after removing the chlorine by sulphate of silver, with sul- 
phuric acid, and saturating the distillate with baryta-water (p. 9). 

n. Strontium^ barium^ aluminium, manganese, phosphoric add, 
and fluorine, are to be sought for in the deposit which forms in 
many mineral waters by boiling or exposure to the air. Copper, 
lead, tin, antimony, and arsenic are to be sought in the same de- 
posit, which is dissolved in hydrochloric acid, and treated with 
hydrosulphuric acid: Marsh's apparatus may be employed to 
detect the two latter metals. 

o. Organic matter. — When organic matter is present, the 
residue obtained by evaporating the water to dryness blackens 
when strongly heated. The total amount cannot be accurately 
estimated by heating till the carbon is entirely burnt : for some 
of the inorganic constituents would be decomposed by the heat. 
The deposit formed in the water by boiling sometimes contains 
peculiar organic acids, crenic and apocrenic acids. They are 
separated by boiling the deposit with potash for many hours, 
saturating the solution with acetic acid, and adding acetate of 
copper, which precipitates the apocrenic acid : the crenic acid is 
precipitated by heating the filtrate with carbonate of sodium. 
Volatile organic acids (formic^ acetic, propionic, &c) are separated 
by distilling the concentrated water (after removal of chlorine 
&c.) with strong sulphuric acid. 
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32. CJstimatloii of Carbonic ikcid. (Applied to the valu- 
ation of commercial potash and soda, of acids, and of 
binoxide of manganese.) 

All carbonates are decomposed by strong acids ; the carbonic 
acid which is liberated splits up into water and carbonic anhy- 
dride (C02), which latter escapes in the gaseous form. If the 
weight of the carbonic anhydride evolved is known, the weight 
of carbonic acid to which it corresponds is readily calculated. It 
is on this principle that the amount of carbonate present in any 
solid compound is usually estimated. The apparatus employed 
consists of a small light flask fitted with a cork perforated with 
two holes : into one of these is fitted a tube filled with fragments 
of chloride of calcium ; into the other a narrow tube reaching 
almost to the surface of the liquid in the flask, and bent above 
the cork at a right angle. A weighed portion of the dry substance 
is introduced into the flask, which is then filled about one-third 
with water : a small tube of such a length as to lean against the 
side of the flask, containing enough sulphuric* acid to decompose 
all the carbonate, is placed in the flask : the cork with its tubes 
attached is then fitted air-tight into the flask, and the whole 
apparatus weighed. The orifice of the bent tube is then closed 
with a plug of cork or wax, and the apparatus inclined so that a 
small portion of the acid flows from the tube into the solution in 
the flask : when the efibrvescence has subsided, a fresh portion of 
acid is allowed to escape ; and so on till the carbonate is entirely 
decomposed. The carbonic anhydride evolved escapes through 
the chloride of calcium tube, which retains any moisture that may 
be carried with it. When the effervescence has entirely ceased, 
the plug is removed from the bent tube, and suction applied to 
the chloride of calcium tube until all the carbonic anhydride in 
the flask is replaced by air : the whole is again weighed, when 
the loss of weight indicates the amount of carbonic anhydride 

* Nitric acid must be used to decompose the carbonates of barium, calcium, 
or lead. 
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Ihat has escaped. The carbonic anhydride dissolved in the 
liquid in the flask must be expelled by heat before weighing the 
flask* 

a. Alkalimetry, — It is obvious that this process may be applied 
to the valuation of commercial carbonates of potassium and sodium 
(commonly called potash and soda), the vafaie of which depends 
entirely on the amount of real carbonate they contain. The 
impurities in potaiii fnre generally chloride, sulphate, silicate, and 
phosphate of potassium, carbonate, silicate, and phosphate of 
calcium : those in soda are chloride, sulphide, sulphate, hypo- 
sulphite, silicate, and hydrate of sodium. The amount of water 
in the sample is ascertained by heating it to about 200^, and 
weighing : the dry sample is then decomposed in the above 
apparatus. The proportion for the potash sample is CO' : CO^K* 
: : 22 : 69 ; for the soda, C0« : CO^Na' : : 22 : 53. If the soda 
sample contain any caustic soda, which is known (in the absence 
of sulphide) by its solution having an alkaline reaction after the 
addition of excess of chloride of barium, another equal portion 
must be mixed with about 3 parts of pure quartz-sand and about 
^ part carbonate of ammonium, moistened with water, and heated 
till the water and ammonia are expelled t the dry residue is then 
decomposed as above. The excess of sodic carbonate obtained in 
the second determination, is due to the caustic soda in the sample : 
from it the amount of the latter is easily calculated. (CONa* : 
2NaH0 : : 106 : 80.) If it contains any sulphide or hyposulphite, 
these salts must be oxidised by the addition of some chromate of 
potassium to the solution in the flask, before commencing the 
decomposition. 

b. Acidimetry. — Another purpose to which this process may 
be applied is that of determining the amount of real acid con** 
tained in commercial acids. This is done by decomposing an 
excess of pure acid carbonate of sodium by a known weight of the 
acid to be valued : as the decomposition takes place atom for 
atom, the amount of real acid present is readily calculated from 
the weight of carbonic anhydride evolved. The following will 
serve as examples of the mode of calculation : 
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Sulphuric add - (2C0*NaH + SO^H^ = SO<Na« + 2C0= + SII^O) 

2C0« : S0*H2 : : 44 : 49. 

Hydrochloric acid - pWNaH + CIH = ClNa + CO- + H=0) 

C(y : CIH ; : 44 : 36-5. 

Acetic acid - - (CO«NaH + C^H'O^H = C^H'O^Na + CO^ + H^O) 

C02 : C^H'O^H : : 44 : 60. 

c. Valuation of Manganese-ores. — Binoxide of VMUigaiiese is 
decomposed by oxalic acid in presence of sulphuric acid, giving 
up half its oxygen to the oxalic acid, which is thereby converted 
into carbonic anhydride and water (Mn^O^-j-C^O^H^rrMn^O-H 
2C0^ + H^O) : 2 molecules of carbonic anhydride being formed 
for each molecule of binoxide. Hence the amount of binoxide of 
manganese contained in commercial manganese-ore is readily 
estimated by the aid of the carbonic-acid apparatus. The moisture 
in the ore is first determined by heating it to 100° — 120°. A 
weighed portion of the dry ore is then introduced into the flask, 
with about twice its weight of normal oxalate of potassium ; water 
is then added, and the decomposition effected as above by an 
excess of concentrated sulphuric acid. From the weight of car- 
bonic anhydride evolved, the amount of binoxide of manganese is 
readily calculated. (200- : Mn^O^ : : 44 : 42.) Good manganese- 
ore is crystalline in texture, and yields a black powder: after 
having been dried, it should scarcely lose weight when heated 
to dull redness. 

33. CJartby Pbospliates. (Sesquiphosphates of iron and 
aluminium, phosphates of magnesium and calcium.) — 
Fownes. 

These phosphates are frequently met with together in the 
analysis of ashes of plants. They are all soluble in hydrochloric 
acid, and are reprecipitated unchanged by ammonia : when freshly 
precipitated, the phosphates of calcium and magnesium are soluble 
in warm acetic acid ; those of iron and aluminium are not. Phos- 
phate of aluminium closely resembles hydrate of aluminium both 
in appearance and properties, being soluble in potash, whence it is 
precipitated by chloride of ammonium. Basic phosphate of iron 
also closely resembles sesquihydrate of iron in coIomx ^w^ ^<^^"5i-^^ 
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appearance. When sufficient tartaric acid is added to the hydro- 
chloric acid solution of these two phosphates, they are not preci- 
pitated by excess of ammonia : on adding sulphate of magnesium 
to the alkaline solution, crystalline phosphate of magnesium and 
ammonium is precipitated, insoluble in chloride of ammonium. 

Qualitative analysis. — First ascertain whether any soluble 
matter be present, by boiling the powdered substance in water, 
and examining the solution. Dissolve in hydrochloric acid, add 
ammonia in slight excess, and filter : after thoroughly washing 
the precipitated phosphates, digest them in warm acetic acid, and 
filter off the insoluble residue. Examine the residue for alumi- 
nium by potash and chloride of ammonium, and for iron by 
sulphide of ammonium. From the acetic acid solution, precipitate 
the calcium by oxalate of ammonium : on saturating the filtrate 
with ammonia, the magnesium is precipitated as phosphate. The 
solution still contains phosphoric acid, which is precipitated by 
adding sulphate of magnesium and chloride of ammonium. If 
the mixed phosphates contained any carbonate, a soluble calcium- 
or magnesium-salt will' be found in the solution from which the 
phosphates were precipitated by ammonia. 

Quantitative analysis, — The freshly precipitated phosphates 
are digested in warm acetic acid, and filtered : too much heat 
must be avoided ; the filtration is usually slow and difficult. From 
the solution, which contains all the calcium and magnesium, the 
calcium is precipitated as oxalate, filtered ofi*, dried, ignited, and 
weighed (4. a). The filtrate is then saturated with amjnonia, 
when the magnesium is precipitated as double phosphate, which 
is ignited and weighed (5. a). In order to determine the phos- 
phoric acid in the filtrate from the magnesium-salt, it is mixed 
with a solution in aqua-regia of a known weight of pure iron, and 
a slight excess of ammonia added : the precipitated ferric hydrate 
carries down with it all the phosphoric acid, the amount of which 
is calculated from the increase in weight of the dried and ignited 
precipitate over that of the amount of ferric oxide which corre- 
sponds to the weight of iron employed {see 6). 7 parts iron corre- 
spond to 10 parts ferric oxide. This method is not accurate if the 
weight of ferric oxide be less than 4 times that of phosphoric acid« 
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The residue insoluble in acetic acid, which contains the phos- 
phates of iron and aluminium, is dissolved in hydrochloric acid, 
and boiled with sulphurous acid and excess of caustic soda till all 
the iron is precipitated as black ferroso-ferric oxide, which is 
filtered off, dissolved in aqua-regia, and precipitated by ammonia 
(2. a). The alkaline filtrate is diluted, mixed with chloride of 
banum and carbonate of sodium, and boiled, when all the phos- 
phoric acid is precipitated as phosphate of barium : this is filtered 
off, dissolved in hydrochloric acid, the barium precipitated by 
sulphuric acid, and the phosphoric acid determined in the filtrate 
as phosphate of magnesium and ammonium (6. a). The filtrate 
from the phosphate of barium is acidulated with hydrochloric acid, 
and the aluminium precipitated by sulphide of ammonium (23). 

34. Platinum-ores and PlatlnuniTesldaes. 

Platinum-ore contains 74 — 86 p. c. platinum, besides iridium, 
palladium, rhodium, osmium, ruthenium, iron, and copper: it is 
mixed with grains of osmide of iridium, magnetic, titanic, and 
chrome-iron, gold, &c. The accurate quantitative analysis of this 
ore is very difficult: it is probable that the methods here given 
are only approximative. 

a. The ore is purified as far as possible by picking out the dark 
steel-coloured grains of osmide of iridium, and removing the 
magnetic grains with a magnet. About 10 grm. are then 
digested in a retort, with aqua-regia containing 5 parts fuming 
hydrochloric acid, and 1 part fuming nitric acid: a cooled receiver 
is attached, and distillation continued, the distillate being poured 
back once or twice, as long as anything is dissolved. The distil- 
late contains most of the osmium as osmic acid. The solution in 
tlie retort is poured off from the residue, which is washed, dried, 
weighed, and analysed as in b. 

The solution contains all the palladium, most of the platinum^ 
some osmium, rhodium, iridium (copper and iron). It is mixed 
with twice its bulk of alcohol, and then with a warm saturated 
solution of chloride of potassium, till no farther precipitate is 
formed : the precipitate is filtered off, and washed with alc^bL'CkV 
containing chloride of potassium. 
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The precipitate contains chloroplatinate and chloriridate of 
potassium (together with osmium and traces of rhodium and pal- 
ladium): the presence of iridium gives it a reddish colour* It is 
intimately mixed with an equal weight of carbonate of sodium, 
and gently ignited (together with the filter-ash) in a porcelain 
crucible until the whole mass is black: the platinum is thus 
reduced, the iridium and osmium oxidised. The black mass is 
exhausted with water and hydrochloric acid, which remove the 
osmate of potassium and excess of carbonate : the former may be 
added to the distillate containing osmic acid. The residue is 
dried, ignited, and weighed: it is then fused for some time with 
6 parts acid sulphate of potassium, by which all the rhodium is 
converted into a soluble salt, which is extracted with water ; the 
residue is again weighed, and the rhodium determined by loss. 
The mixture of platinum and sesquioxide of iridium is then di- 
gested, in very dilute aqua-regia, which extracts part of the 
platinum: the clear solution is poured off, saturated with ammonia, 
evaporated to dryness, and ignited, when pure platinum remains. 
The rest of the platinum, together with the sesquioxide of iridium, 
is mixed with chloride of sodium and concentrated aqua-regia, 
and evaporated to dryness: exhaustion with water removes the 
platinum-salty and the oocide of iridium is left. This is washed 
with chloride of sodium, and finally with chloride of ammonium, 
ignited, reduced by hydrogen, and weighed as metallic iridium. 
The platinum solution still contains some iridium, so that this 
process must be repeated. 

ThQ filtrate contains rhodium, palladium, some iridium, iron, 
and copper. It is evaporated to dryness, and the residue digested 
with strong aqua-regia, chloride of potassium added, and the 
whole again evaporated to dryness. Digestion with alcohol re- 
moves the chlorides of copper and iron, leaving the double salts of 
palladium, rhodium, and iridium. These are fused with bichro- 
mate of potassium, and the mass treated with water, when the 
iridium is left as sesquioxide. From the solution neutralised bj 
carbonate of sodium, palladium is precipitated by cyanide (;' 
mercury; the precipitate on ignition leaves the metal. TIi« fil- 
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trate is boiled with hydrochloric acid till it .becomes red, and 
the rhodium precipitated as hydrate by potash. 

The distillate, containing all the osmium as osmic acid is neu- 
tralised with lime, and heated with an alkaline formate, which 
reduces the osmium as a bluish-black powder. Or it is mixed 
with ammonia and chloride of ammonium, evaporated to dryness in 
a retort, and ignited till only metallic osmium remains. Or it is 
saturated with potash, and heated with alcohol, when osmite of 
potassium separates, whence metallic osmium may be obtained 
(p. 139). (Wohler.) 

b. The portion of platinum-ore which is insoluble in aqua-regia 
is generally called platinum-residues. It contains osmide ofiridium^ 
iridium (in powder), ruthenium, traces of rhodium, platinum, and 
(sometimes) gold, magnetic, titanic, and chrome-iron- ores, sili- 
cates, &c. It is fused in a silver or wrought-iron crucible for an 
hour at a red heat, with 2 parts nitre and 1 part caustic potash, 
and the mass when cool digested with cold water in a stoppered 
bottle. After 12 hours the clear orange-coloured solution is 
-poured off from the black residue. 

The solution which contains osmate and ruthenate of potassium 
is mixed with nitric acid, and the precipitated ruthenic oxide 
freed from osmium by distillation with aqua-regia. The solution 
is freed from osmium in the same manner, and is then evaporated 
with hydrochloric acid, when nitre crystallises out first, and then 
rose-red chlororuthenate of potassium, whence metallic ruthenium 
is obtained. 

The residue, which may contain all the platinum-metals as 
oxides, is freed from osmium by distillation with aqua-regia, when 
some impure oxide of rhodium often remains undissolved. The 
solution is evaporated, and precipitated by chloride of ammonium : 
the double salts of the platinum -metals are filtered off, and washed 
with chloride of ammonium till the wash-water passes through 
colourless. The solution contains the iron, copper, andchrominm. 
By prolonged digestion of the double salts in cold water the chlo- 
roruthenate is dissolved out first; from the solution the oxide is 
precipitated by heating with ammonia, and this is rediiee.d Vr^ 
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hydrogen to metallic ruthenium. The chloroplatinate and chlori- 
ridate are digested with water containing hydrosulphuric or 
sulphurous acid, which reduces the iridium to sesquichloride: 
the solution is evaporated, and, without filtering, mixed with chlo- 
ride of ammonium. The precipitated chloroplatinate on ignition 
leaves metallic j9/a^ntfm; the solution is evaporated to dryness, 
and the residue, ignited in a stream of hydrogen, leaves metallic 
iridium, 

GoUy if present, may be precipitated by oxalic acid. 

Fremy (Compt. rend, xxxviii. 1008) gives the following simpler 
method of treating platinum-residues, which seems to be particu- 
larly adapted for obtaining the metals in a state of purity. About 
200 grm. of the residues are heated to bright redness in a long 
porcelain tube, purified air being drawn over the heated ore by 
means of an aspirator. Osmium and ruthenium combine with 
oxygen : ruthenic oxide crystallises in the cold part of the tube 
in violet crystals ; while the more volatile osmic acid passes first into 
a series of empty tubes, in which a part is deposited in crystals, 
and finally into a solution of potash. An allo^ of iridium and 
rhodium remains in the roasting tube. This is calcined in an 
earthen crucible, with 4 parts nitre, care being taken not to 
carry the operation too far, exhausted with water, and filtered: 
the alkaline filtrate on evaporation deposits crystals of osmite of 
potassium, the osmium not being entirely removed by the roasting. 
The precipitate on the filter, which contains potash, is treated for 
several hours with aqua-regia, which converts the iridium into 
chloriridate of potassium, nearly insoluble in cold water. It is 
dissolved by boiling water, the washing being continued as long 
as the wash-water has a brown colour; and the chloriridate 
crystallises on evaporating the solution. The residue, containing 
the rhodium, is dried, mixed with an equal weight of chloride of 
sodium, and treated for 3 or 4 hours by dry chlorine at a red heat. 
Chlororhodate of sodium is thus formed, which by solution in 
water and evaporation, is obtained in fine rose-coloured crystals. 
(Graham's Chemistry, ii. 418). 
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35. Ferrocyantdc of Potasslam. (Cy^^Fe^K^ + BH^O.) 

a. The water is determined by heating the salt to 200°. 

b. The cyanogen can only be estimated directly by combustion 
with oxide of copper. 

c. Iron and Potassium — The salt is dissolved in water, and the 
solution precipitated by acetate of lead. The ferrocyanide of 
lead is filtered off, washed, and decomposed by digestion with 
sulphide of ammonium ; the sulphide of lead filtered off and 
washed; the filtrate (of ferrocyanide of ammonium) evaporated to 
dryness, the residue ignited in the air till pure ferric oxide is left, 
which is weighed (2). From the original filtrate the excess of 
lead is removed by hydrosulphuric acid, the solution evaporated 
to dryness, and the residue converted by ignition into carbonate 
of potassium, which is converted into sulphate, and weighed (3). 
(S0^K2 : K2 : : 87 : 39.) 

Or the salt may be fused with acid sulphate of ammonium, the 
ignited residue of ferric oxide and potassic sulphate dissolved in 
hydrochloric acid, the iron precipitated by ammonia, the solution 
evaporated to dryness, and the residual potassic sulphate weighed. 

To estimate the iron alone, the salt is fused with 3 parts of a 
mixture of nitre and carbonate of sodium in a platinum crucible. 
On treating the fused mass with water, the iron is left as sesqui- 
oxide : as this contains some potash, it must be dissolved in 
hydrochloric acid, and precipitated by ammonia. (Wohler.) 



Section II. Volametric Analysis. 

The methods of estimating substances which have been hitherto 
described depend upon the separation of the substance in a form 
in which it can be weighed directly; or upon its conversion into a 
compound which is capable of being weiojhed, the weight of which 
bears a known proportion to that of the substance to be estimated : 
the reagent by which the separation is effected being always em- 
ployed in excess. The methods of estimation in the wet way, which 
are included under the general name of Volumetric Analysis^ de- 
pend, on the contrary, 1, upon the employ rn^ti^. oi ot\^ ^^ ^^'svrX 
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amount of the reagent which is necessary to produce the reaction 
desired ; 2, upon the determination of this amount, not by weight, 
but by measure, which is effected by the employment of solutions 
which in a known volume contain a known weight of the reagent. 
These solutions are called Standard Solutions, The volumetric 
method of analysis is only applicable in cases where the point at 
which the reaction is complete can be determined with certainty 
by means of some phenomenon which is manifested in the solution 
of the substance to be estimated, i.e, by an appearance, disappear- 
ance, or change, of colour, or by the appearance or disappearance 
of a precipitate. 

The unit of volume ordinarily adopted is the cubic centi- 
metre (c.c), which is the volume occupied by 1 gramme of water 
at 4°. The vessels employed for measuring volumes are, for large 
quantities, graduated cylinders, or flasks whose volume is known 
and marked on the loutside: for small quantities, pipettes and 
buretteSy which are graduated into cubic centimetres and fractions 
of the cc. By far the most convenient form of burette for general 
purposes is that devised by Mohr, which discharges the liquid 
from its lower extremity, the discharge being regulated by means 
of a pinchcock, and a caoutchouc tube. 

When the reagent is a stable compound, and not liable to de- 
composition by keeping, a standard solution of it is prepared once 
for all, and kept in a stoppered bottle roBdy for use. In the case 
of compounds that are easily decomposed, a moderately concen- 
trated solution is prepared, and its value (or standard) is ascer- 
tained on each occasion previous to its employment. 

There are two methods of estimation by volumetric analysis : 
1, tlie direct method; 2, the indirect, or residual method. The 
first is employed when the point at which the reaction between 
the reagent and the substance to be estimated is complete, can be 
exactly ascertained by one of the phenomena indicated above; 
in such cases the necessary amount of the reagent is measured 
off directly. The second is employed when the point of complete 
reaction cannot be exactly ascertained. It is then necessary to 
employ a second reagent between which and the first the point of 
complete reaction is capable of being determined. A known 



PART IV. ALKALIMETRY. 243 

volume of the first reagent, more than is needed for the complete 
reaction, is added to the solution of the substance to be estimated : 
and the excess of the first reagent is then ascertained bj means 
of the second. 

36. Alkalimetry. (Estimation of the amount of alkali or 
alkaline carbonate in commercial potash, soda, or ammonia.) 

This estimation depends upon the facts that the alkaline salts 
of strong acids (oxalic, sulphuric, &c.) are neutral to litmus ; and 
that the violet solution of litmus is coloured blue by caustic 
alkalis or alkaline carbonates, wine-red by carbonic acid, and 
light-red by strong acids. 

a. Direct method. — A standard acid solution is the only one 
required. Oxalic acid is the moat convenient acid for this pur- 
pose ; for it can be weighed with greater accuracy than any liquid 
acid, and its solution can be kept for any length of time without 
undergoing any change. It is best to make the standard solution 
of such strength that 1000 c.c. (1 litre) shall contain exactly one 
^-gramme-atom {i.e. 1 atom expressed in ^ grammes) of the acid. 
This is done by dissolving in water i|^=63 grammes of pure crys- 
taUised oxalic acid (C2OH2-h2H-'0=l 26), and diluting the solu- 
tion to the bulk of 1 litre, at 17*5°. 1000 c.c. of this solution 
contains 1 ^-gramme-atom of acid : hence 2 c.c. contain 1 milli- 
gramme-atom of acid, and saturate 2 milligramme-atoms of a 
caustic alkali or 1 milligramme- atom of an alkaline carbonate. 

Since pure oxalic acid cannot be always readily obtained, 
sulphuric acid may be employed for the standard solution. 
About 70 grm. concentrated sulphuric acid are diluted with 
about 600 grm. water: when the mixture is cool» the volume 
of it that is necessary to saturate 5*3 grm. (1 ^-decigramme- 
atom) pure anhydrous carbonate of sodium is determined. 
5*3 grm. freshly ignited carbonate of sodium are dissolved in 
hot water, the solution coloured blue with a few drops of litmus, 
and the acid added from a burette (at last drop by drop) 
till the colour just passes from wine-red to light-red, and 
till strips of litmus-paper, moistened with the solution, h^«>xi \)Ck 
detain the red colour when dry. The voVum^ oi wi\^ ^\sx^<3^^^ 

b2 
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is then noted, and the whole diluted so as to approximate to the 
required strength. Suppose, for instance, 37 c.c. acid have been 
used : water is added till every 100 vols, is diluted to 250 vols, 
and another determination made. If 90 c.c. are now required to 
saturate the ^-decigramme alkaline solution, every 90 vols, of the 
acid must be diluted to 100, and the result controlled by a fresh 
determination. 100 c.c. of this acid should exactly saturate 
5-3 grm. carbonate of sodium, and will contain 1 -J^-decigramme- 
atom of acid : 2 c.c. will contain 1 milligramme-atom ('098 grm.) 
sulphuric acid, and will exactly saturate 2 milligramme-atoms of 
an alkali or 1 milligramme-atom of an alkaline carbonate. The 
standard solution is kept in a well-stoppered bottle. 

A weighed portion of the substance to be estimated is dissolved 
in water (if a solid), a few drops of litmus added, and the standard 
acid added from a burette until the first permanent appearance of 
a light-red colour : and the volume of acid employed is read off. 
Each c.c. of acid corresponds to 1 milligramme-atom of alkali or 
1 ^milligramme-atom of alkaline carbonate ; i. e, to 0*053 grm. 
carb. sod., 0*069 grm. carb. pot., 0*040 grm. caustic soda, 0*056 grm. 
caustic potash, 001 7 grm. ammonia : and a simple proportion gives 
the amount of alkali or alkaline carbonate (e. ^. 100 : 6*9 : : 
number of c.c. employed : carbonate of potassium present). By 
operating on 100 times the ^-milligramme-atom (e.^. 6*9 grm. 
in the case of potassic carbonate, 5*3 grm. in the case of sodic 
carbonate), all calculation is saved : for as this amount, if per- 
fectly pure, would require 100 c.c. acid for its saturation, the 
number of c.c. actually required at once indicates the percentage 
of alkaline carbonate. The burettes commonly used contain 
50 c.c, and are graduated into half c.c. ; so that by operating on 
50 times the -^-milligramme-atom, the number of divisions em- 
ployed represents the percentage. 

b. Residual method, — The standard acid is added until the 
colour of the litmus is a distinct light-red ; the solution is then 
heated to boiling, and a small excess of acid (5 — 10 c.c.) added. 
The hot solution is freed from carbonic acid by agitation and by 
drawing air through it by means of a glass tube; and then 
neutralised with a standard aML^Avcie solution (37) until the colour 
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just changes from red to blue. Since the acid and alkaline solu* 
tions neutralise each other volume for volume, it is only necessary 
to deduct the number of c.c. employed of the latter from that of 
the former, and to calculate the amount of alkali from the residue. 
This method is preferable for the estimation of carbonates, since 
the change from blue to red is more distinctly marked than that 
from one shade of red to another. 

37. Acldlmetry. This estimation depends on the same 

principles as the preceding. 

The most convenient alkaline solution is caustic soda (perfectly 
free from carbonate) ; it is standardised so that 100 c.c. exactly 
saturate 100 c.c. of the standard acid solution. It is kept in a 
f ask into the cork of which is inserted a chloride of calcium tube 
filled with a mixture of Glauber's salt and caustic lime, which 
effectually prevents the absorption of carbonic acid. If the 
burette be closed with a similar tube, the soda-solution may 
remain in it for days. The estimation is performed precisely 
as in 36, the last drops of the soda-solution being added from a 
pipette graduated to -^ c.c. Since the normal alkaline salts of 
strong acids are perfectly neutral, the exact point of saturation 
is attained when the litmus is restored to its original colour. The 
best method of observing this with precision is to colour a certain 
quantity of pure water with litmus, and to divide it into two equal 
portions : the acid is added to one, while the other is kept at hand 
as a standard of comparison. Calculation may be avoided, as 
above, by operating on a weight of acid equal to 50 (or 100) 
times its -^-milligramme-atom. When several (e. g, 5) estimations 
of the same acid have to be made, the readiest method is to 
weigh out 500 times the -^ milligramme-atom of the acid {e, g. 
5 X 4*9 grm. sulphuric acid), to dilute it to 250 c.c, and to take 
50 C.C. of the mixture for each determination : the number of c.c. 
soda-solution employed represents the percentage of acid. 

38. Cblorlmetry* (Valuation of chloride of lime.) 

Chloride of lime (bleaching powder) contains hypochlorite, 
chloride, and hydrate of calcium ia vai^YU^ Y^Q^Qt>Cv3rwa»* "Va*. 

r3 
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value depends upan the amount of hypochlorite which it contains, 
or upon the quantity of chlorine which it evolves when treated 
with acids. It is the estimation of this chlorine which constitutes 
chlorimetry. 

a. The amount of the suhstance which is necessary to oxidise 
a known weight of arsenious anhydride in an acid solution, is 
estimated directly. Free chlorine, in presence of water, converts 
arsenious into arsenic anhydride, hydrochloric acid heing formed 
at the same time (As^O^ + Cl^ + 2H20 = As'O^ + 4C1H\ If 
indigo be present in the arsenious solution, it is not acted upon 
by the chlorine until the oxidation of the arsenic acid is com- 
pleted ; the disappearance, therefore, of the blue colour marks 
the end of the operation. 

Standard solution, — 14 grm. pure arsenious anhydride, dried at 
100°, are dissolved in caustic potash, and the solution diluted to 
1 litre. 1 c.c. of this solution contains 0*014 grm. arsenious an- 
hydride, and requires for its conversion into arsenic anhydride 
0-010 grm. chlorine. (As20'= 198 : 01^=142 : : 14 : 10.) 

5 grm. chloride of lime are triturated with water, the whole 
washed into a graduated cylinder, and diluted to 100 c.c. 60 c.c 
arsenious solution are placed in a beaker, diluted with water, 
saturated with hydrochloric acid, and coloured blue with a drop 
of indigo-solution : the solution of chloride of lime (which should 
be well shaken up) is then added from a burette, until the blue 
colour is nearly destroyed. A fresh drop of indigo is then added ; 
and then the chloride-solution again, very cautiously and drop by 
drop, the contents of the beaker being continually agitated, until 
the colour finally disappears. The amount of chlorine contained 
in the volume of chloride-solution (or weight of chloride of lime) 
employed, is 0*5 grm., that being the quantity necessary to oxidise 
50 c.c. of the standard solution. For instance, suppose 45 c.c. 
chloride-solution have been employed : 5 grm. bleaching powder 
will contain 1*1 grm. chlorine; and the percentage of available 
chlorine in the sample is 22*2 p.c. 1000 c.c. chlorine, at 0° and 
760 mm. pressure, weigh 3*1884 grm. 

b. The substance is made to react on a known volume of a 
standard alkaline solution of arsenious anhydride, which is em- 



PART IV. VALUATION OF MANGANESE-ORES. 247 

ployed in excess : and the excess is estimated by a standard solu- 
tion of iodine (40. c). According to Mohr, this is the only 
accurate method. 

c. The substance is made to react on a known weight of a 
ferrous salt, which is added in excess : and the excess is estimated 
by a standard solution of permanganate of potassium (45). 

39. Talnation of Ulanganese-ores. (Determination of 
the amount of available oxygen which they contain.) 

a. By chlorimetry, — ^Binoxide of manganese, heated with hydro- 
chloric acid, evolves chlorine, in the proportion of 2 atoms chlorine 
for each atom of binoxide (Mn«0- -j- 4C1H= 2MnCl + 2H20 + Cl-^. 
The ore (the moisture in which is first estimated) is heated in a 
flask with excess of concentrated hydrochloric acid, and all the 
chlorine evolved conducted into a dilute solution of soda, into 
milk of lime, into a known volume of the standard acid or alkaline 
arsenious solution, or into excess of iodide of potassium ; and the 
amount of chlorine estimated by one of the chlorimetrical processes 
(38). The amount of binoxide of manganese corresponding to 
a given weight of chlorine is easily calculated. (Cl^ : Mn^O^ : : 
71 : 84). 

Each c.c. of the acid arsenious solution (37. a) corresponds to 
0*010 grm. chlorine, and to 0*01183 grm. binoxide: hence 50 c.c. 
correspond to 0*5 grm. chlorine, and to 0'5915 binoxide. If the 
ore be rich, about 1 grm is sufficient for analysis : if it be poor, 
1*5—2 grm. should be taken. 

Eachcc. of the alkaline arsenious solution (40) corresponds to 
0*00355 grm. chlorine, and to 0*0042 grm. binoxide: hence 100 c.c. 
correspond to 0*42 grm. binoxide ; and if 0*42 grm. ore be taken 
for analysis, the number of c.c. of arsenious solution which is 
oxidised by it gives at once the percentage of binoxide. 

b. By oxalic add and cameleon (permanganate of potassium). 
— A dilute solution of oxalic acid decomposes permanganates in 
presence of sulphuric acid, being itself converted into carbonic 
anhydride and water (Mn408H2+2SO*H2+5C20*H8=:2SO*Mn8 
-f 8H2O-J-10CO2). Under the same circumstances oxalic acid 

B4 
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decomposes binoxide of manganese, atom for atom (Mn^O^-f 
S0<H2 + C2CHH2 = SOMn2 +2H20 + 2C02). Hence the amount 
of binoxide of manganese in an ore can be estimated volumetri- 
cally, by allowing it to react upon a known volume of a standard 
solution of oxalic acid, which is added in excess, and then esti- 
mating the amount of undecomposed oxalic acid by a standard 
solution of cameleon. 

The standard solutions required are : 

1. Oxalic acid. — This is the same as that employed for alka- 
limetry. 1 c.c. contains 0*063 grm. crystallised oxalic acid, and 
corresponds to 0*042 grm. binoxide. 

2. Cameleon. — Since this solution cannot be preserved without 
decomposition, it is not standardised once for all ; but a mode- 
rately strong solution is prepared, and its exact value determined 
before each operation. This is readily done by means of the 
standard solution of oxalic acid. 5 c.c. of the latter are diluted 
to 200 c.c, about 4 c.c. strong sulphuric acid are added, and the 
cameleon-solution introduced, drop by drop, from a burette.* The 
dark colour produced by the cameleon disappears at first slowly, 
but more rapidly as the operation proceeds: the operation is 
terminated when a faint rose- tinge is produced which remains 
permanent for a short time. Suppose, for instance, 29 c.c 
cameleon-solution are employed : 1 c.c. cameleon corresponds to 
^5^=0' 1724 cc. oxalic acid. 

The analysis is conducted as follows. — The ore having been 
finely powdered and completely dried, 2*1 grm. are treated with 
about 30 c.c. standard oxalic acid, and 4c.c. concentrated sul- 
phuric acid : when the evolution of carbonic anhydride slackens, 
heat is applied, till no more gas is evolved. If any of the ore 

* The burette above alluded to, which discharges the liquid through a caout* 
chouc tube, cannot be used for cameleon, since this substance is reduced by any 
organic nnatter. Cameleon-solution is best kept in a flask fitted with tubes 
like a wash*bottle: it may thus be transferred to the burette without exposing 
the contents of the flask to dust or other impurities, and without disturbing any 
sediment that may have formed in the flask. Moreover the solution never 
touches the cork. According to Mohr, cameleon may be preserved for months 
in this manner, without any sensible variation in its standard. 
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remains undecomposed, 5 or lOc.c. more oxalic acid must ho 
added. When the evolution of gas has quite ceased, the clear 
solution is decanted into a graduated cylinder, and the residue is 
treated with 2 or 3 c.c. more oxalic acid, and a few drops of sul- 
phuric acid, and again heated. When the decomposition is com- 
plete, the solution (residue and all) is washed into the cylinder, 
and the whole diluted to a known volume. The mixture thus 
obtained is never clear ; but it need not be filtered unless it is 
dark-coloured. A known volume of it is measured off, diluted, 
acidulated with sulphuric acid, and the amount of non-oxidised 
oxalic acid estimated by the cameleon -solution, as above : from 
the result thus obtained, the amount of non-oxidised oxalic acid 
in the whole mixture is calculated. The number of c.c. of oxalic 
acid oxidised, multiplied by 2, gives the percentage of binoxide 
in the ore. 

Example. — I c.c. cameleon = 0-1724 standard oxalic acid. Weight of ore 
taken, 2*1 grm. Total yolume of oxalic acid used, 48 c.c. The mixture being 
dL'uted to 300 c.c, 100 cc. require 4 c.c. cameleon : hence the whole 300 c.c. re- 
quire 12 c.c. cameleon, which correspond to 2*07 cc. oxalic acid. 48 — 2 07 = 
45 93 cc oxalic acid oxidised by binoxide: whence percentage of binoxide is 
45-93x2«91-86 p. c. 

% 

If, instead of 2'1 grm., any arbitrary weight of ore is taken, 
the amount of binoxide is calculated by the proportion 100 : 
4*2 : : number of c.c. oxalic acid oxidised : amount required ; the 
percentage is then calculated as usual. 

40. Tolnmetrlc determinations by Iodine and 
Arseuious anliydride. 

Arsenious anhydride in an alkaline (not in an aqueous or acid) 
solution, is completely oxidised by iodine in presence of water, 
and converted into arsenic anhydride, hydriodic acid being simul- 
taneously produced : enough alkali must be present to saturate the 
hydriodic acid formed. (AsSQa + P + 2H20 = As^O* + 4IH.) 
The blue colour of iodide of starch is destroyed by the alkaline 
arsenious solution : if therefore starch-paste be added to the 
latter, and an iodine-solution gradually mixed with it, the blue 
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colour will appear at the moment when the arsenious anhydride 
is completely oxidised. 

Hence arsenious anhydride may be estimated volumetrically by 
means of an iodine solution of known strength; and reciprocally 
iodine may be determined by means of a standard solution of 
arsenious anhydride. And if any substance which oxidises or 
precipitates the arsenious solution be allowed to react completely 
upon an excess of that solution, the volume employed being 
known, the amount of arsenious anhydride oxidised or precipit- 
ated by the substance can be estimated by means of a standard 
solution of iodine. 

The standard solutions required are : 

1. An arseniotis solution, — 4*95 grm. (^ gramme-atom) pure 
and dry arsenious anhydride are dissolved by heating with about 
15 grm. acid carbonate of sodium, and the solution diluted to 
1000 C.C. 1 c.c. contains 0*00495 grm. arsenious anhydride. 

2. An iodine-solution, — 12*7 grm. (y\^ gramme-atom) iodine are 
dissolved in iodide of potassium, and the solution diluted to 1000 
c.c. Iodine is seldom^ quite free from chlorine ; and even if 
pure iodine be employed, the solution cannot be kept without a 
lowering of its standard. Hence the' real amount of iodine con- 
tained in it must be determined before each experiment. For this 
purpose 10 c.c. of the standard arsenious solution are mixed 
with a few drops of starch-solution, and the iodine-solution added 
from a burette till the appearance of a blue colour. Suppose 
10*2 c.c. iodine-solution are required for this: 1 c.c. iodine-solu- 
tion corresponds to -^^ = 0*98039 cc. arsenious solution. 

There are further required : 

3. A clear, dilute, freshly prepared starch-solution. 

4. lodine-starch-paper, prepared by dipping strips of paper 
(free from chlorine) in a solution of iodide of potassium mixed 
with starch, and drying them. They must not be turned blue by 
pure hydrochloric acid. 

This process can be applied to the estimation of a great variety 
of substances. The following are some of the most important. 

a. Arsenious anhydride, — From 0*1 to 0*2 grm. of the sample 
are dissolved in a solution of acid carbonate of sodium, a few 
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drops of starch-solution added, and then the iodine-solution till 
the appearance of the blue colour. 

Example. — 1 c.c. iodine-solution =0*9S039 c.c. arsenioas solution. Weight of 
substance, 0*1 grm. Iodine -solution employed, 15*5 c.c. corresponding to 
15*196 C.C. arsenious solution = 0*0752 grm. arsenious anhydride — 75*2 p. c. 

b. Iodine. — The weighed sample is dissolved in a known 
volume of the arsenious solution^ starch-solution added (if a blue 
colour is produced, more arsenious solution must be added), and 
the excess of arsenious anhydride estimated by the iodine-solution. 
— 1 c.c. arsenious solution = 0'0127 grm. iodine. 

c. Chlorine, — (Chloride of lime, chlorine-water, &c.) — About 
1 grm. chloride of lime is stirred up with water, and the arse- 
nious solution added from a burette, until a drop of the mixture 
does not colour the iodine-starch-paper blue. Starch-solution is 
then added, and the excess of arsenious anhydride estimated by 
the iodine-solution. The amount of arsenious acid oxidised by 
the available chlorine in the sample, and hence that of the 
chlorine itself, is thus determined. For chlorine-water, a known 
volume of it is introduced from a pipette into a solution of car- 
bonate of sodium, and the mixture treated as above. — 1 c.c. arse- 
nious solution — 0*00355 grm. chlorine. 

Example. — 1 c.c. iodine-solution = I c.c. arsenious solution. Weight of 
chloride of lime, 1 grm. Arsenious solution employed, 72 c.c. Iodine-solu- 
tion employed, 0*2 c.c. Amount of arsenious anhydride oxidised, 718 c.c. 
Available chlorine, 71*8 x 00355 =-0*25489 = 25*489 p. c. 

d. Hydrosulphuric acid, — A known volume of the standard 
arsenious solution is introduced into a graduated cylinder, and a 
known volume of sulphuretted-hydrogen-water added, the arse- 
nious solution being in excess. The mixture is briskly agitated, 
acidulated with hydrochloric acid diluted to about ten times its 
volume, and filtered into a dry vessel from the precipitated tersul- 
phide of arsenic. An aliquot part of the filtrate is measured off, 
neutralised with powdered acid carbonate of sodium, starch- 
solution added, and the excess of arsenious anhydride determined 
by the iodine-solution. The amount found, calculated for the 
whole of the filtrate, and deducted from the weight of arsenious 
aqhydride employed, gives the amount precipitated b'j \3cka V^^'Ck- 
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sulphuric acid. 1 atom arsenious anhydride reacts with 3 atoms 
hydrosulphuric acid(As205H-3H2S=As2S3-}-3H20): hence, 1 c.c. 
arsenious solution^ containing 0*00495 grm. anhydride, corre- 
sponds to 0-00255 grm. hydrosulphuric acid. 

Example, — 1 c.c. iodine-solutions 0*25974 arsenious solution. 

10 C.C. standard arsenious solution 1 ,.1 .^ , . onn « « 
20 C.C. sulphuretted hydrogen water ) ^^"*^^ *^ ^^^ ^•^- 
100 c.c. of the mixture required 11 c.c. iodine-solution: hence 300 c.c require 
33 c.c. iodine-solution, = 8*67 c.c. arsenious solution. 10 — 8*57 = 1*43 cc 
arsenious solution =0*0036465 grm. hydrosulphuric acid. Whence 100 c.c. sul- 
phuretted hydrogen water contain 0*01823 grm. hydrosulphuric acid. 

e. Chromates. — All chromates, when boiled with hydrochloric 
acid, evolve for each atom of the salt 3 atoms chlorine (Cr^O^H^H- 
6ClH=Cr2C13+4HaO-}-C13): hence each atom of a bichromate 
evolves 6 atoms chlorine. K this chlorine be estimated by the 
process described in (c), the amount of chromate or bichromate is 
readily calculated from it. (Cie : Cr^O^K^ : : 213 : 294-8). 

From 0*2 to 0*4 grm. of the salt is placed, together with suffi- 
cient strong hydrochloric acid, in a small flask, to which is 
attached by a piece of caoutchouc tubing a glass delivery-tube, 
which passes loosely into the mouth of an inverted retort con- 
taining a known volume of the standard arsenious solution. The 
. neck of the retort must be of sufficient capacity to contain the 
whole of the arsenious solution employed. Heat is then applied 
to the flask, when chlorine is evolved and passes into the solution 
in the retort. In order to avoid the possible absorption into 
the flask of the contents of the retort, the end of the delivery- 
tube which dips into the arsenious solution terminates in a piece 
of caoutchouc tubing which is closed with a piece of glass rod : 
in the caoutchouc tube a small slit is made, which serves as a 
valve, allowing the egress of the gas, but preventing the ingress 
of the liquid. When the whole of the chlorine has passed into 
the retort, the delivery-tube is withdrawn, the retort emptied into 
a beaker, starch added, and the unoxidised arsenious anhydride 
estimated by the iodine solution. 

This method of analysis is applicable to all metallic peroxides 
which evolve chlorine when heated with hydrochloric acid. 

The above method is a modification by Mo hr of that introduced 
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by Bunsen, who was the first to employ the reaction of iodine 
with reducing agents in volumetric analysis. The reducing agent 
employed by Bunsen was a very dilute solution of sulphurous 
add. The use of this reagent is attended with some incon- 
venience, owing to the large quantity of it necessary for the 
operation, the difficulty of preserving it unchanged, and the 
introduction of another solution into the analysis, viz. a solution 
of iodide of potassium. Another reducing agent, which in many 
cases may replace without disadvantage Mohr's arsenious solution, 
is hyposulphite of sodium^ which is converted by iodine into tetra- 
thionate of sodium : the reaction takes place between 2 atoms 
of the salt and 2 of iodine (2S203Na« + 12 = S40«Na2 + 2NaI). 
The formula of the crystallised salt is S203Na2 + 5H20 = 248 : 
hence by dissolving 24*8 grm. (1 decigramme-atom) in 1 litre of 
water, a solution is obtained, of which each c.c. contains 0*0248 
grm. hyposulphite, and corresponds to 0*0127 grm. iodine. 

By means of this standard solution copper may be estimated 
volumetrically with great exactness. When iodide of potassium 
is added to the solution of a cupric salt, subiodide of copper is 
precipitated, and iodine set free (Cu20-i-2K[ = Cu2I+K20+I), 
the atom of liberated iodine corresponding to 2 atoms copper ; if 
therefore the amount of free iodine be estimated by the standard 
solution of hyposulphite, that of the copper is easily calculated 
from it. The copper is dissolved in dilute nitric acid, and the 
solution boiled till free from nitrous acid ; it is then moderately 
diluted, neutralised with carbonate of sodium, and acidulated 
with acetic acid. A quantity of iodide of potassium in crystals, 
not less than 6 times the weight of the copper, is then added ; 
and when it has dissolved, the standard solution of hyposulphite 
is added, till the colour of the solution changes from brown to 
yellow. After the addition of a little clear starch-solution, the 
hyposulphite is further added till the blue colour has entirely dis- 
appeared. 1 c.c. hyposulphite = 0-00634 grm. copper. Small 
quantities of iron, tin, lead, or zinc, do not interfere with this 
estimation. (Brown. Cliem. Soc. Qu. J. x. 71.) 
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41. Ustimatlon of Iodine in metallic Iodides. 

a. In absence of Bromides. — Bisulphide of carbon, or chloroform, 
is coloured violet by free iodine, or by chloride or terchloride of 
iodine, but is not affected by pentachloride, ICR Upon this fact 
is founded a method for the estimation of metallic iodides, by de- 
termining the amount of chlorine required to convert into penta- 
chloride the iodine contained in the iodide. 

Standard solution: a very dilute aqueous solution of chlorine, 
of known strength. Chlorine-water is added to a large quantity 
of water, and the amount of chlorine in a measured volume of the 
mixture determined by one of the chlorimetrical processes: and 
from this the amount of chlorine in one division of the burette is 
calculated =x. 

The solution to be analysed (which must not contain any 
metallic salts that are decomposed by chlorine or iodine) is largely 
diluted, and mixed in a stoppered vessel with a few grammes of 
pure bisulphide of carbon (or chloroform), and the dilute standard 
solution of chlorine gradually added, the mixture being briskly 
agitated, until the violet colour that at first appears is entirely 
gone. Let the number of burette-divisions employed =T :. then 
Tx is the amount of chlorine, from which the amount of iodine 
in the sample is to be calculated. The reaction takes place 
between six atoms chlorine and one atom iodine. (Cl^ : I : : 213 : 
127.) 

If organic matter be present in the solution examined, an 
excess of chlorine over the normal amount is required for the 
destruction of the violet colour. In this case, when the colour 
has disappeared, an excess of pure iodide of potassium is added, 
and the amount of iodine set free determined as in 40. Every 
six atoms of libei^ated iodine corresponds to one atom of iodine in 
the original solution (IC15+5KI=I«+5KC1). 

6. In presence of Bromides, — When a solution contains a 
bromide as well as an iodide, it must be diluted till there is not 
more than 1 pt. of the former to 13,000 pts. water. Pentabromide 
of iodine which, on addition of chlorine to this dilute solution, is 
formed either alone or together with pentachloride, according to 
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the amount of bromide present, resembles the pentachloride in its 
behaviour to bisulphide of carbon or chloroform. Since the 
amount of chlorine emplojed is just the same as if no bromide 
were present, the requisite calculation is the sune as in (a). 

42. Ustiniatloii of SilTer (in alloys or solutions). 

This estimation depends upon the property possessed by chloride 
of silver of aggregating into masses, and rapidly subsiding in a 
solution. 1 atom silver=108, dissolved in nitric acid, requires 1 
atom chloride of sodium =58*5 for its complete precipitation. 
Hence if a silver-solution be completely and accurately pre- 
cipitated by a chloride of sodium solution of known strength, the 
amount of silver is readily calculated. The standard solutions 
required are : 

a. A normal solution of chloride of sodium. — 5*417 grm. pure 
decrepitated chloride of sodium are dissolved in distilled water 
(perfectly free from chlorine) and diluted to 1000 c.c. : (or 16*98 
c.c. of a solution of chloride of sodium saturated at the ordinary 
temperature are diluted to 1000 c.c.) : 1 c.c. =0*010 grm. silver. 

b. A decimal solution of chloride of sodium, — 100 c.c. of solution 
a, are diluted with distilled water to 1000 c.c. 1 c.c. =0*001 grm. 
silver. 

c. A decimal silver'Solution, — 1 grm. chemically pure silver is 
dissolved in nitric acid perfectly free from chlorine, and the 
solution diluted to 1000 c.c. 1 c.c. contains 0*001 grm. silver. 

Equal volumes of b. and c. mixed together, should yield a 
solution containing neither chlorine nor silver. 

About 1 grm. of the substance to be analysed is dissolved in 
nitric acid with the aid of heat, the excess of acid evaporated off, 
the solution diluted, and filtered into a stoppered vessel. The 
normal chloride of sodium solution is then added from a burette, 
the mixture being briskly shaken from time to time, as long as it 
produces a distinct precipitate. As soon as the liquid is quite 
clear, 1 c.c. of the decimal chloride of sodium solution is added ; 
if the liquid remains clear, the chloride of sodium is already in 
excess ; if a precipitate is formed, the decimal solution mu&t \jk^ 
added drop by drop, with occasional ag\ta\ivot\> mwN!^ HX» TiR>\^'s^^*^'^ 
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produces any effect. The excess of chloride of sodium is then 
estimated in precisely the same manner by the decimal silver- 
solution. If the amount of silver in the alloy be already 
approximately known (by cupellation or otherwise) the simplest 
way is to weigh out as much of the alloy as contains about 1 grm. 
silver, to add at once 100 c.c. of the normal chloride of sodium 
solution, and to complete the estimation with the decimal solutions, 
as above. 

43. Ustimatlon of soluble Chlorides by HTItrate of 
SilTer. 

This estimation depends on the fact that nitrate of silver, when 
added to a neutral solution containing a chloride and a chromate, 
does not precipitate red chromate of silver, until the whole of the 
chlorine is precipitated. The solutions required are : 

a. A standard decimal solution of nitrate of silver. — 10*8 grm. 
pure silver are dissolved in nitric acid, evaporated to dryness, the 
residue carefully fused, and dissolved in water, and the solution 
diluted to 1000 c.c. : or 17 grm. fused nitrate of silver are dis- 
solved and diluted to 1000 c.c. 1 c.c. =0*00355 grm. chlorine. 

b. A standard decimal solution of chloride of sodium, — 5*85 
grm. decrepitated chloride of sodium are dissolved in water, and 
diluted to 1000 c.c. These two solutions, when mixed in equal 
volumes, must yield a solution containing neither chlorine nor 
silver. 

c. A solution of chromate of potassium^ which need not be 
standardised. 

From 0*2 to 0*4 grm. of the substance to be examined are 
dissolved, and to the neutral or feebly alkaline solution a few 
drops of the chromate solution added ; the silver-solution is 
then added until the permanent appearance of a red precipitate ; 
and the point at which the red colour disappears is ascertained 
by means of the chloride of sodium solution. The volume of 
chloride of sodium solution is deducted from that of the silver- 
solution employed: and the amount of chlorine in the sample 
calculated from the remainder. 
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44. Ustimatlon of Hydrocyanic Add. 

Two atoms cyanide of potassium with one atom nitrate of 
silver form one atom soluble cyanide of silver and potassium 
(2CyK + NO^Ag = Cy^AgK + NO^K) : which compound is de- 
composed by the further addition of nitrate of silver, a precipitate 
of cyanide of silver being formed (Cy^AgK -f NO* Ag = 2Cy Ag 4- 
NO^K). Hence, when a silver-solution is added to cyanide of 
potassium, the first appearance of a permanent precipitate marks 
the point at which the formation of the double salt is complete ; 
and if the silver-solution be of known strength, the volume em- 
ployed will indicate the amount of cyanogen present, 1 atom 
silver corresponding to 2 atoms cyanogen. 

Standard solution, — 63 grm. fused nitrate of silver are dis- 
solved in water and diluted to 1000 c.c. 1 c.c. =0*002 grm. hydro- 
cyanic acid. The solution containing hydrocyanic acid is mixed 
with caustic potash till it is decidedly alkaline, a few drops of 
chloride of sodium solution added, and then the standard solution 
until the precipitate formed does not disappear on agitation. 

This is a convenient method of estimating hydrocyanic, in pre- 
sence of hydrochloric, acid. 

45. Estimation of Iron. 

Permanganates are decomposed by protosalts of iron in pre- 
sence of sufficient free acid, a protosalt of manganese being 
formed, while the protosalt of iron is converted into sesquisalt 
(Mn<08H2 + 20FeCl + 14HC1 = 4MnCl + lOFeSCl^ + SH^O). So 
long therefore as an acid solution of iron contains any protosalt, 
it will destroy the colour of permanganate of potassium (came- 
leon). Cameleon is decomposed by concentrated hydrochloric 
acid in the cold, and by dilute hydrochloric acid when mode- 
rately heated, but cold dilute hydrochloric acid is without action 
upon it : hence the iron -solution should be very dilute, and should 
not be operated on when warm. 

The only solution required is one of cameleon. This is pre- 
pared by moderately heating in a Hessian crucible a mixture q€ 
8 pts. finely powdered binoxide of man^a»iv^?>e, \^ ^x.^^* Vj^'^^^*^-* 
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and 7 pts. chlorate, of potassium, which have previously been 
stirred up with a little water, and evaporated to dryness. The 
fused mass is dissolved in hot water, mixed with a little sulphuric 
acid, and the clear solution poured ojQP from the deposit (not 
filtered). As this solution cannot be kept unchanged, its stan- 
dard must be determined before each experiment. For this pur- 
pose Mohr recommends the employment of crystallised sulphate 
of iron and ammonium (SOFeNH^ + SH^O), which is obtained by 
crystallising a mixture of the sulphates of iron and of ammonium 
in atomic proportions. It can be kept for any length of time in 
the solid state, but not in solution. Exactly -fth of its weight 
consists of iron. A weighed portion of the salt is dissolved in 
water, a little sulphuric acid added, and then the cameleon-solu- 
tion from a burette until a rose-tint is produced, which does not 
disappear immediately. Suppose 1 grm. of the salt required 
23*7 C.C. cameleon, these correspond to -f grm. = 0*1 4286 grm. iron, 
and 1 C.C. =0*006 grm. iron. Or the cameleon may be standardised 
by the normal oxalic acid solution as in 39, 5 c.c. of which, con- 
taining 0'315 grm. oxalic acid=0'28 grm. iron. The old method 
of standardising the cameleon by means of a solution of ferrous 
chloride obtained by dissolving clean iron wire in hydrochloric 
acid is less accurate, owing both to the impurity of the iron, and 
the extreme difficulty of obtaining a solution perfectly free from 
sesquichloride. 

For the analysis of iron -ores, the substance, very finely pow- 
dered, is dissolved as completely as possible by digestion in strong, 
hydrochloric acid : any sesquisalt that may be present is reduced 
by heating the solution with metallic zinc free from iron, until the 
red colour has entirely disappeared. It is then diluted to about 1 
litre, and the cameleon-solution added until a rose-tint is pro- 
duced that does not immediately disappear. The number of cc 
employed, multiplied by the amount of iron to which each cc cor- 
responds, gives the amount of iron in the sample. When it is 
desired to estimate separately the ferrous and ferric salts in the 
sample, care must be taken to exclude the air during solution: 
this is done most simply by placing some acid carbonate of sodium 
Jn the Bask in which the ore is dissolved. The amount of proto- 
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salt is then determined by the cameleon-solution, and, after reduc- 
tion by zinc, the total amount of iron is estimated : the difference 
between the yolumes of cameleon solution employed in each deter- 
mination corresponds to the iron contained as sesquisalt. 

46. Talnatloii of Wltre. 

a. Six atoms of iron (168 pts.) in solution as protochloride 
require one atom of nitrate of potassium (101 pts.) for their 
complete conversion into sesquichloride. (6FeCl + NO^K-}-4HCl 
= 3Fe2C13+KCl-}-2H«0+NO). If then a weighed sample 
of a substance containing nitre be made to act upon a mea-^ 
sured excess of protochloride of iron, and the remaining proto- 
chloride be estimated by cameleon, the amount which has been 
converted into sesquichloride will indicate the quantity of nitre 
contained in the sample. 

The standard solution of ferrous chloride cannot be kept, but 
must be prepared for each experiment. 2 grm. clean soft iron 
wire are dissolved in a flask by excess of concentrated hydro- 
chloric acid: about 1*2 grm. of the sample of nitre are added, 
and the whole boiled till the dark colour produced by the absorp- 
tion of nitric oxide by protochloride of iron has completely dis- 
appeared. In order to prevent as far as possible the access of 
air during the solution, the flask may be closed with a perforated 
cork, into which is inserted a tube drawn out to a fine point Or 
the cork may be fitted with a bent tube, which passes nearly to 
the bottom of a second flask (loosely corked), containing water 
which hiCs been freed from air by boiling: when the lamp is 
withdrawn from the first flask, the water will pass over into the 
iron-solution, which will thus be cooled without access of air. 
The solution is then diluted with (boiled) water to about 1 litre, 
and the remaining ferrous chloride estimated by the standard 
cameleon-solution (45). 2 grm. minus the amount of iron thus 
ascertained, gives the amount of iron converted by the nitre into 
sesquisalt ; whence the amount of nitre in the sample is readily 
calculated. (Fe«: NO^K: : 168 : 101.)* (Pelouze.) 

* In spite of the above precautions, it is almost impQa&\VA& \x> y^^^^^^ ^ «^^- 
tion of protochloride of iron perfectly free from s&bc^c\)\oi\^^v «»aL^fts5» ^.'SKt- 
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b. Gay-Lus sac's method is to convert the nitrate of potas- 
sium into carbonate by ignition with carbon and decrepitated 
chloride of sodium : the carbonate is then estimated by alkali- 
metry (36), and the nitrate calculated from it. (CO^Ks : 2N03K : : 
138 : 202.) 

Abel and Bio x am (Chem. Soc. Qu. J. x. 108) recommend 
the following modifications of this method. The carbon employed 
should be graphite, prepared byBrodie's process : the best pro- 
portions are, 1 pt. nitre, 4 pts. chloride of sodium, and ^ pt. gra- 
phite. The heat should not be sufficient to volatilise the chloride 
of sodium to any considerable extent : 8 to 10 minutes moderate 
redness in a muffle-furnace, or 20 minutes over a Bun sen's lamp 
will suffice. If the nitre contain any sulphate, the fused mass 
must be sprinkled with chlorate of potassium, and heated again 
as long as effervescence takes place. 

c. For Pugh's process, see p* 9. 

47. Hsdmatlon of Sugar and Starch. 

1 atom of glucose {C^m'^^O^^=360), (also called grape-sugar, 
diabetic-sugar, or starch-sugar,) when in contact with an alkaline 
solution of cupric oxide at boiling heat, takes 5 atoms oxygen 
(=80) from 10 atoms oxide of copper, forming 5 atoms suboxide 
of copper (lOCu^O = 5Cu^0=O). The same amount of cupric 
oxide requires 1^ atom milk-sugar (Ci2H20O^0-|-2H«O) =480, for 
its complete reduction. If then, a standard alkaline solution of 
cupric oxide be mixed at boiling heat with a solution containing 
grape- or milk-sugar until its reduction is complete, the amount 
of sugar may be calculated from that of reduced suboxide. 

The standard solution is prepared by dissolving 34 '64 grm. 
sulphate of copper (purified by recrystallisation from water con- 
taining sulphuric acid, after previous treatment with nitric acid) 

tain amoant of error is inseparable from this method. For this reason it is 
advisable before operating on an unknown substance, to make a determination 
^th a known weight of pure nitre, the results of which may serr^ as a term of 
comparison for the other analysis (Mohr). Fresenius (Ann. Ch, Phann. 
cvi. 217) obtains good results by preparing the iron-solution and decomposing 
the nitrate in a vessel filled with hydrogen. According to Abel and Bloxam 
(Chem, Soc Qa. J. ix. 110) themel\io^\BTLO\.^x^^tftQTsiotheraoiirce8; of error. 
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in 200 C.C. water, mixing it with a solution of 173 grm. tartrate 
of potassium and sodium in 480 c.c. caustic soda of sp. gr. 1*14, 
and diluting the mixture to 1000 c.c. at 15°. 10 c.c. of this 
solution (which has a fine blue colour) corresponds to 0*05 grm. 
dry grape-sugar, and to 0*067 grm. milk-sugar, dried at 100°. 

A known weight of the liquid whose sugar is to be estimated, 
is diluted to 10 — 20 times its volume, so that it does not contain 
more than 1 p. c. sugar. If it contains any albuminous substances, 
they are removed by basic acetate of lead. 10 c.c. of the stan- 
dard copper-solution are diluted with 40 c.c. water, the whole 
boiled, and while boiling, the sugar-solution is added from a 
burette, until the reduction of the copper is complete — i. e. until 
the solution is colourless. To perceive this, the red precipitate 
must be allowed to subside. So long as each fresh drop of sugar- 
solution produces a yellow cloud on the surface of the liquid, the 
reduction is not complete ; the nearer it approaches completion, 
the redder and more abundant does the precipitate of cuprous 
oxide become. A few drops of the liquid are then filtered and 
tested for copper with hydrosulphuric acid*, or, after acidulation 
with acetic acid, by very dilute ferrocyanide of potassium ; if 
copper be found, more sugar-solution must be added. Suppose 
10 c.c. sugar-solution have been employed. In order to control 
the result, the experiment is repeated with the same quantities of 
copper- and sugar-solution, the precipitate is allowed to settle, 
and the solution filtered as quickly as possible. If it be found 
free from copper, the experiment is repeated with a somewhat less 
volume of sugar-solution, say 9'6 c.c. If copper be then found 
in the filtrate, the sugar-solution contains between 5 and 5*2 grm« 
dry grape-sugar, or the corresponding amount of milk-sugar, in 
1000 C.C. 

In order to estimate cane-sugar or starch by this process, they 
must be converted into glucose by digestion at a gentle heat for 
gome hours with dilute sulphuric, or tartaric, acid : 100 pts. grape- 
sugar (C^2H240i2) correspond to 95 pts. cane-sugar (0^2^22011), 
or to 90 pts. starch, C^^H^^O^^. Milk-sugar is also converted into 

* If the solution has been treated with acetate of lead, it eannot be tested b^ 
hydrosulphuric acid. 
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glucose by heating with dilute sulphuric acid. According to 
Fehling (Ann. Ch. Pharm. cvi. 79) milk-sugar cannot be ac- 
curately estimated unless it is first converted into glucose. 

48. Analysis of Milk. 

A known weight of milk (15 — 20 grm.) is evaporated to dry- 
ness in a water-bath with a weighed amount (3 — 4 grm.) of 
sulphate of calcium, which has been ignited, moistened, and again 
dried. By weighing the residue the total amount of the non- 
volatile constituents is ascertained, as well as (by loss) that of the 
water. A weighed portion of the residue is then repeatedly 
treated with ether, the insoluble portion dried, and weighed : the 
loss of weight represents the butter. The portion insoluble in 
ether is then repeatedly treated with boiling alcohol, again dried, 
and weighed : the loss of weight represents the milk-sugar and 
the salts which are soluble in alcohol. The weight of the residue 
minus that of the sulphate of calcium added, represents the casein 
and insoluble salts. For the determination of the non -volatile 
salts, another portion of the milk is evaporated to dryness, the 
residue ignited till all the carbon is burnt off, and then examined 
as directed in 30. For the direct estimation of the milk-sugar, 
about 50 — 60 grm. milk are mixed with acetic acid, heated to 
50° or 60°, filtered, and the whey thus obtained treated with the 
standard copper-solution, as in 47. 

49. Esttmatioii of the hardness of ^Water. 

The hardness of water depends upon the amount of calcium- or 
magnesium-salts which it contains. A dilute aqueous solution 
of soap when agitated forms a froth upon its surface. Salts of 
calcium or magnesium are decomposed by alkaline soaps, with 
formation of an insoluble lime- or magnesia- soap. Hence water 
containing calcium- or magnesium-salts, when agitated with a 
soap-solution, does not give a permanent froth until all the calcium 
or magnesium is precipitated, and the soap-solution is present in 
excess. K therefore it has been determined by previous ex- 
periment what volumes of a standard soap-solution are required to 
precipitate completely, and give a permanent froth with, different 
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calcium -solutions of known strengths, this soap-solution may be 
employed to determine an unknown amount of lime in any water. 
The standard solutions required are : 

1. An alcoholic solution of soda-soap, — 30 grm. well dried 
soda-soap, containing about 12 p. c. water, are dissolved in 3 
litres alcohol of 86 p. c, and the solution filtered. 200 grm. of 
this solution are then mixed with 150 grm. water, and with 
180 grm. alcohol of 48 p. c. A solution is thus prepared, 45 c.c. 
of which will completely precipitate the calcium in, and give a 
permanent foam with, 100 grm. water containing '012 grm. lime. 

2. A perfectly neutral standard solution of chloride of calcium, 
— 0*2143 grm. pure carbonate of calcium are dissolved in hydro- 
chloric acid, evaporated to dryness, the residue dissolved in water 
and diluted to 1000 c.c. 100 c.c. of this solution contain as much 
chloride of calcium as corresponds to '012 grm. lime (Ca^O). 

3. By means of this calcium-solution, 23 weaker solutions are 
prepared, the first and weakest of which contains '0005 grm. 
lime in 100 grm., each successive one being stronger than that 
immediately preceding by '0005 grm. : the original solution (2) 
containing '012 grm. is the 24th in the series. 

100 grm. pure water are then placed in a stoppered bottle hold- 
ing 300 — 400 C.C., and the bottle is labelled No. 1 : and 100 grm. 
of the 24 calcium-solutions are placed in similar bottles, which 
are labelled Nos. 2—25 respectively. The next step is to as- 
certain, beginning with No. 1, how much of the standard soap- 
solution (which is added from a burette graduated to ^^^^ c.) is 
required to produce a thick, soft, and permanent lather when 
agitated with the contents of each fiask successively. A table is 
thus constructed showing how much of the soap-solution cor- 
responds to -0005, -0010, -0015, -0020, and so on up to -0120 grm. 
lime in 100 grm. water. The number of milligrammes of lime 
contained in 100 grm. of any water is spoken of as its degree of 
hardness. 

The above method is not applicable to the estimation of the 
hardness of any water which contains more than "012 grm. lime 
in 100 grm.: in waters containing more lime than this, a per- 
manent (though tough and flaky) latket ia ^tq^xxr^^ \jfc!lss^^ "^^ 
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precipitation of the whole of the calcium. The water is therefore 
diluted, if necessary, and then treated with the soap-solution as 
above. The number of c.c. of soap-solution employed, compared 
with the numbers in the table, give the amount of lime contained 
in the water. Magnesium-salts behave with soap-solution just 
like lime-salts : if therefore the water contains magnesia, it will 
be represented in the result obtained by an equivalent amount 
of lime. When a water contains, besides other calcium-salts, 
carbonate of calcium dissolved in free carbonic acid, it is rendered 
less hard by boiling. The gross hardness is in this case deter- 
mined in a portion of the fresh water : the permanent hardness^ 
in an equal portion after boiling : the difference between the two 
amounts obtained represents the temporary hardness, 

50. Analysis of IJiine. 

a. The specific gravity is first taken (31). 

b. The total amounts of water, organic matter and non-volatile 
salts, are ascertained by evaporating to dryness a known weight 
(15 — 20 grm.) of urine, and weighing the residue after heating 
to 110° : the loss of weight represents the water. The residue 
is then ignited in a porcelain crucible, with occasional addition 
of nitric acid, till all the carbon is burnt off, and again weighed : 
the loss of weight represents the organic matter and volatile 
salts. The second residue consists of the non-volatile salts : it 
is analysed as directed in 30. 

c. Uric Acid. — A larger quantity of urine (200 grm.) is 
acidulated with hydrochloric acid, and allowed to stand for two 
days : the uric acid separates out, and is collected on a weighed 
filter. Or the urine may be evaporated to dryness, and that por- 
tion of the residue which is insoluble in alcohol treated with 
dilute hydrochloric acid, which leaves the uric acid undissolved. 

d. Chloride of Sodium, — Neutral or feebly acid solutions of urea 
give with a dilute solution of nitrate of mercury a white pre- 
cipitate, which contains 2 atoms mercuric oxide to 1 atom urea : 
chloride of mercury does not form this precipitate with urea : 
chloride of sodium and nitrate of mercury mutually decompose 
each other, forming nitrate of sodium and chloride of mercury : 
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the decomposition takes place between 1 atom of each salt 
(NO^Hg + ClNa =N03Na + ClHg). Hence when nitrate of 
mercury is added to a solution containing both urea and chloride 
of sodium (e. g. urine), a permanent precipitate is first produced 
when all the chloride of sodium has been converted into nitrate : 
and if a standard solution of nitrate of mercury be used, the 
amount of chloride of sodium present is readily calculated from 
the volume of mercury-solution employed. 

The solutions required are : 

1 A standard solution of chloride of sodium (A). — ^Pure water 
at the ordinary temperature dissolves an invariable amount of 
pure rock-salt. 20 c.c. of the saturated solution, containing 6*368 
grm. salt, are diluted to 318*4 c.c. : 1 c.c. of this solution con- 
tains '02 grm. chloride of sodium. 

2. A standard solution of urea^ containing 4 grm. urea in 100 
c.c. 1 c.c. contains *04 grm. urea. 

3. A standard solution of nitrate of mercury. — Crystallised 
subnitrate of mercury is dissolved in nitric acid, and heated till 
a drop of the solution is not precipitated by chloride of sodium : 
it is then evaporated to a syrup and diluted with ten times its 
volume of water. In order to standardise this solution, 10 c.c. of 
the chloride of sodium solution are mixed with 3 c.c. of the urea- 
solution, and 6 c.c. of a cold saturated solution of sulphate of 
sodium* perfectly free from chlorine. The mercury-solution is 
then added from a burette, the mixture being continually agitated, 
until a permanent precipitate is produced. If the mercury-solu- 
tion be too concentrated, it cannot be graduated correctly. Sup- 
pose for instance, 7*8 c.c. are required to produce the precipitate, 
the solution is too concentrated : it must be diluted with its own 
volume of water, and the experiment repeated. If 15*5 c.c. be 
now required, 155 vols, of the solution are diluted to 200 vols. : 
when a solution is obtained, 1 c.c. of which corresponds to '01 grm. 
chloride of sodium. (If any foreign metals are present in the 
mercury -solution, an opalescence may be produced when it is first 
added to the solution of chloride of sodium and urea : but as this 

♦ In order to remove the free nitric acid which is always contained la th^ 
mercury solution (NO'»H + SO*Na»=NO»NatSO*lSaa> 
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is not sensibly increased by further addition of the mercury-solu- 
tion it is easily distinguished from the urea-precipitate). 

Before the chloride of sodium in urine can be determined by 
means of this solution, the phosphates and sulphates present in 
the urine must be removed : this is done by a mixture of 2 vols, 
of a cold saturated solution of baryta-water, and 1 voL of a cold 
saturated solution of nitrate of barium (which must be free from 
chlorides or hyposulphites). 2 vols, urine are mixed with 1 vol. 
mixture, the precipitate filtered off and the alkaline filtrate neu- 
tralised with nitric acid. 15 c.c. of the filtrate (=10 c.c. urine) 
are taken for the determination; and the mercury-solution is 
added until a permanent precipitate is produced. Suppose 12*5 
C.C. mercury-solution are required; the amount of chloride of 
sodium is 0'125 grm. 

In very accurate analyses the chlorine must be removed from 
urine before proceeding to determine the urea by the mercury- 
solution. This is done by nitrate of silver. If 2'906 grm. fused 
nitrate of silver are dissolved in water, and diluted to 100 cc, a 
solution is obtained 1 c.c. of which corresponds to '01 chloride of 
sodium, and therefore to 1 c.c. of the mercury-solution. When, 
therefore, the volume of mercury-solution corresponding to the 
chloride of sodium in 10 c.c. urine has been determined above, the 
addition of the same vol. of silver-solution to another 10 c.c. of the 
same urine exactly removes the chlorine, and the estimation of the 
urea can be proceeded with at once.* 

* Phosphate of sodiam, like urea, gives a precipitate with nitrate, not with 
chloride, of mercury. Hence this salt maj be employed instead of urea to de- 
termine the amount of nitrate in a solution of nitrate of mercury. Chloride of 
sodium, as we have seen, decomposes nitrate of mercury, atom for atom, form- 
ing nitrate of sodium and chloride of mercury. If, therefore, I atom chloride 
of sodium be added to a solution of phosphate of sodium, 1 atom of nitrate of 
mercury is required for its decomposition, and a permanent precipitate does not 
appear till more than I atom of the latter is added. Similarly, when a solution 
of phosphate of sodium is precipitated by nitrate of mercury, it requires 1 atom 
of chloride of sodium for each atom of nitrate, to redissolve the precipitate. 
Hence, by means of a chloride of sodium solution of known strength,* the 
amount of nitrate in a solution of unknown strength may be determined by the 
proportion NaCl : NCHg : : 58*5 : 162. The solutions required are: 

i. A cold saturated solution of phospAxite of sodium free from chiorine. 
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e. Urea, — This estimation depends upon the fact that urea is 
precipitated by nitrate of mercury, when the nitric acid that is 
formed by the decomposition of the nitrate is neutralised by 
baryta-water or carbonate of sodium. The precipitation is com- 
plete as soon as the supernatant fluid contains mercury, which is 
ascertained by its giving a distinct yellow colour with carbonate 
of sodium. The reaction takes place between 1 atom urea (=60) 
and 4 atoms nitrate of mercury (=648): hence, theoretically, 0*1 
grm. urea requires 1*080 grm. nitrate of mercury for its complete 
precipitation. It is found, however, in practice that, for 0*1 grm. 
urea 1*158 grm. nitrate is required in order to produce the yellow 
colour with carbonate of sodium in dilute solutions. The stan- 
dard solutions required are : — 

1. A solution of urea, containing 4 grm. urea in 200 c.c. : 1 c.c. 
contains '02 grm. urea. 

2. A solution of nitrate of mercury , 10 c.c. of which contain 
1*158 grm. nitrate, and correspond to 0*1 grm. urea. This is pre- 
pared by dissolving 100 grm. pure mercury in nitric acid, heating 
till nitrous fumes are no longer evolved, evaporating to a syrup, 
and diluting with water to 1400 c.c. If the solution be prepared 
from crystallised subnitrate of mercury, it must be standardised as 
directed at p. 265 by means of the chloride of sodium solution (B.), 

2. A Uandard solution of chloride of sodium (B). — 20 c.c. of a cold saturated 
solution of rock-salt are diluted to 586*8 c.c. 1 cc. ( =» '010852 grm. chlor. sod.) 
corresponds to '03 grm. nitrate of mercury. 

If the mercury«8olution be too concentrated, it cannot be estimated accu- 
rately ; it should not contain more than 0-3 grm. nitrate in 10 c.c. In order to 
determine the concentration, 10 c.c. chloride of sodium solution are mixed 
with 4 C.C. phosphate of sodium solution, and the mercurj-solution added from 
a burette until a permanent precipitate is formed. Supposing 5 c.c. to be re- 
quired, the mercury- solution must be diluted with its own volume of water. 
10 c.c. of the dilute mercury-solution are then mixed with 4 c.c. phosphate, and 
the chloride of sodium solution added immediately from a burette with continual 
agitation, until the precipitate is just dissolved. Suppose 12*5 cc^ are required. 
In order to control the determination 12*5 c.c. chloride of sodium solution are 
mixed with 4 c.c. phosphate, and the mercury-solution added till a permanent 
precipitate is formed. Suppose 10*25 c.c. are required: then by the first experi- 
ment 12*5 C.C. chloride of sodium solution correspond to 10 cc, by the second to 
10*25 cc. mercury-solution: hence 10*12 cc. mercury-solution (the Tsaftscck. 
between these two numbers) contain 12*5 x *03=*^T^ ^cm.mXx^fcfc ^il^siKws^ri- 
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SO that 10 c.c. mercury-solution correspond to rather more than 
38*5 c.c. chloride of sodium solution. The mercury-solution, pre^ 
pared by either of these methods, closely approximates to the re- 
quired standard : it must be accurately standardised by means of 
the urea-solution. To 10 c.c. of the latter (=0*2 grm. urea) tlie 
mercury-solution is added from a burette until a drop of the mix- 
ture placed on a watch-glass gives a distinct yellow colour when 
mixed with a drop of carbonate of sodium. Supposing 19*25 cc^ 
mercury solution to be required for this, every 192*5 vols, must be 
diluted to 200 vols., and the experiment repeated : if the yellow 
colour be now produced with exactly 20 c.c. the solution is accu- 
rately standardised. 

For the determination of urea in urine, 2 vols, urine are mixed 
as before with 1 vol. barium-solution, filtered, and to 15 c.c. of 
the filtrate (without previous neutralisation) the mercury-solution, 
added from a burette until a drop of the supernatant fluid gives a 
distinct yellow colour with carbonate of sodium. The presence of 
chloride of sodium interferes with the accuracy of the determina- 
tion, making the urea come out too high : hence, in very accurate 
analyses the urine must be previously freed from chlorine by the 
standard silver-solution, as above directed. In ordinary cases, 
however, this is not necessary : for sufficiently accurate results 
are obtained by deducting 2 c.c. from the volume of mercury-solu- 
tion employed. * 

It is found by experiments with pure urea-solutions that, in 
the analysis of urines rich in urea, the yellow colour which marks 
the end of the reaction is produced by a somewhat smaller volume 
of mercury-solution than is actually necessary to precipitate the 
urea, so that the result obtained is somewhat too low : and, on 
the other hand, when the urine is poor in urea, a somewhat 
larger volume of mercury solution is required, so that the resultis 
somewhat too high. In order to obviate the former source of 
error, the determination is repeated with another 15 c.c. of the 
filtered urine, to which 1 c.c. water is added for each 2 c.c. over 
30 c.c. of mercury^solution employed in the first determination. 
In the latter case it suffices to deduct 0*1 c.c. for every 5 cc. 
below 30 c.c. of mercury solution employed : e. g. if 25 c.c mer- 
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curj-solution were employed, the real amount is taken at 24*9 c.c. 
=0*249 grm. urea. 

A very simple method for the determination of urea is founded 
on the fact that urea is completely decomposed by a solution of 
a hypochlorite, all its nitrogen being evolved in the gaseous 
form: (probably according to the equation CH^NK) + 3C10Na= 
C02+2H20+3ClNa+N2). If therefore the volume of nitrogen 
evolved from a given volume of urine be observed, the amount 
of urea is easily calculated. 1000 c.c. nitrogen at 0° and 760 
mm. weigh 1*2609 grm. ; 1 c.c. weighs -0012609 grm. The weight 
of nitrogen evolved being thus determined, the corresponding 
weight of urea is given by the proportion 14 : 60 : : wt. of nitro- 
gen : wt. of urea. The determination is thus performed. A gra- 
duated tube of stout glass, closed at one end, is about one- 
third filled with mercury, a known volume of urine introduced, 
and the tube filled with a solution of hypochlorite of sodium. 
The mouth of the tube is then closed tightly with the thumb, and 
the tube inverted into a vessel of mercury, or into a saturated 
solution of common salt. The decomposition, which commences 
almost immediately, is usually complete in 3 or 4 hours : during 
which time no attention is required. When the evolution of gas 
has quite ceased, the volume of nitrogen enclosed in the upper 
part of the tube is read ofi^, and the calculation made. In very 
accurate experiments correction for temperature and pressure 
must be made : but ordinarily this is not necessary. In order to 
ensure the hypochlorite being in excess, not less than 5 or 6 times 
the volume of urine should be employed. The results are not ma- 
terially affected by the ammonia and uric acid ordinarily present 
in urine : if, however, an undue amount of these substances be 
present, they should be previously removed by heating the urine 
with baryta- water as long as the smell of ammonia is perceptible. 
(Davy. Phil. Mag. [4.], vii. 385.) 

f. Ammonia. — 20 c.c. urine are introduced into a porcelain 
basin, over which is placed, supported by a glass triangle, an- 
other basin containing 10 c.c. of the standard acid solution (36). 
About 10 c.c. milk of lime are then added to the urine, and the 
whole placed on a ground glass-plate, co'^ere*^ V\>iN\^\i^-"^^ix,^5^^ 
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allowed to stand for 48 hours. All the ammonia in the urine is 
absorbed by the acid, the excess of which is finally determined as 
in 37. 

g. Phosphoric Add. — The only volumetric method for deter- 
mining the phosphoric acid in urine is very complicated and 
tedious, and does not give very accurate results. It is far simpler 
to estimate the phosphoric acid by weight. The addition of 
excess of baryta-water to urine precipitates all the phosphoric 
and sulphuric acids as phosphate and sulphate of barium. From 
this precipitate the phosphate is dissolved by dilute hydrochloric 
acid, the barium precipitated from the solution by sulphuric acid, 
and the phosphoric acid from the filtrate by sulphate of magne- 
sium, ammonia, and chloride of ammonium (6. a). 

h. Other Constituents. — Sugar is estimated as directed in 47. 
Albumen is precipitated by heating the urine, after the addition 
of a few drops of nitric acid. For the detection of lactic acid, 
see p. 74. 
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PART V. 

EXAMINATION FOR POISONS IN JUDICIAL INVESTIGATIONS. 

1. Examination for Arsenic. 

The object of the chemist, when employed in the detection of 
arsenic in cases of poisoning, is to separate the arsenic in the 
metallic state, and to produce it as such before the Court ; since 
it is only in that form that the poison possesses properties so 
decidedly characteristic that it cannot possibly be confounded 
with any other substance. 

The form in which arsenic can be most easily procured, and in 
which consequently it is most frequently met with in cases of 
poisoning, is that of arsenious anhydride^ commonly called white 
arsenic. It occasionally happens that this substance may be found 
undissolved in the stomach, intestines, or vomited matter, and 
may be separated by mechanical means ; it is always advisable, 
therefore, before proceeding to a chemical investigation, to ascer- 
tain by careful examination whether any of the poison can be 
detected unchanged in the substances submitted for analysis. 
For this purpose the substances to be examined are spread out in 
new and clean porcelain dishes, and turned over with clean glass- 
rods ; or they may be mixed with water, and the lighter organic 
matter separated from the heavier arsenious anhydride by leviga-< 
tion. If any white grains are thus found which possess the cha- 
racteristic properties of arsenious anhydride (p. 80), it is only 
necessary to reduce them to the metallic state by means of char- 
coal (p. 83), or in a Marsh's apparatus (p. 82). 

It more frequently happens, however, that the poison cannot be 
detected or separated by mechanical means, but exists in a state 
of solution in, or of intimate mixture with^ l\i<& <^\i\i&\!L\& ^1 ^Og^s^ 
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stomach, &c. In this case the problem consists in dissolving and 
destroying by appropriate reagents the whole of the organic 
matter composing the contents, the vomited matter, the food, and 
even the stomach and intestines themselves. Until this is done, 
the detection of the arsenic is impossible. 

It is of course indispensable, before proceeding to this opera- 
tion, to ascertain by most careful examination that no arsenic is 
contained in any of the reagents (sulphuric, hydrochloric, and 
nitric acids, zinc, nitre, chlorate of potassium, potash, &c.), or in 
any of the vessels employed. This is equally essential, whether 
the reagents have been purchased, or prepared by the operator 
himself. It is most readily done by testing them in a Marsh's 
apparatus ; for this purpose the chlorate of potassium is converted 
by fusion into chloride, the nitre and potash into sulphate by sul- 
phuric acid. And if, when all these precautions have been duly 
observed, arsenic be found in the body, it must not be forgotten 
that it may have been introduced accidentally by the administra- 
tion of certain medicines, such as preparations of antimony or 
phosphorus : even sesquihydrate of iron, which is frequently 
administered as an antidote, may contain arsenic, unless prepared 
with great care. 

There are several methods of extracting the arsenic in a form 
available for chemical analysis, most of which involve the destruc- 
tion of the organic matter in which it is contained. 1. When the 
substance is in the form of a paste (as in the contents of the 
stomach and the faeces), it is gently heated and completely satu- 
rated with washed chlorine, which is evolved from binoxide of 
manganese and hydrochloric acid, both of which have been pre- 
viously tested for arsenic. When the mass is completely saturated 
and bleached, it is heated nearly to boiling, to expel the excess of 
chlorine, and the solution, which contains all the arsenic, filtered 
through paper free from smalt. 2. The stomach and intestines, 
with their contents, are cut into shreds, and dissolved in a porce- 
lain dish by as little caustic potash as possible : the solution is 
acidulated with dilute sulphuric acid, and the coagulated mass 
treated with chlorine, as above. 3. The organic matter is cut 
into pieces, and treated with sufficient water to form a thin paste, 
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and a quantity of concentrated hydrochloric acid, equal in weight 
to the organic matter, is added. The whole is then heated in a 
water-bath, stirred every few minutes, and chlorate of potassium 
(free from lead) gradually added, until a clear yellow solution is 
obtained. This is heated for some time longer, filtered when cold 
through linen, or paper free from smalt, the residue on the filter 
washed with hot water as long as the washings have an acid re- 
action, and the filtrate evaporated on a water-bath to about 1 lb. 
4. The whole of the substances to be examined, both solid and 
liquid, is introduced into a large tubulated retort, with about an 
equal weight of fused chloride of sodium, or rock-salt in frag- 
ments : the retort is connected with a receiver furnished with a 
delivery-tube, which dips into water. A quantity of sulphuric 
acid not sufficient to decompose all the chloride of sodium is 
poured into the retort ; and when the evolution of hydrochloric 
acid has ceased, the contents of the retort are heated to boiling, 
and the chloride of arsenic which distils over is collected in the 
receiver, which is kept quite cooL Since the greater part of the 
arsenic comes over towards the end of the operation, the distilla- 
tion should be carried as far as possible. 

The solution obtained by any of these methods is poured into a 
flask, and completely saturated with washed hydrosulphuric acid, 
while it is heated to about 60° or 70°, to facilitate the precipita- 
tion of the sulphide of arsenic. After standing for 24 hours, the 
solution is poured off as far as possible from the precipitate, which 
is thrown upon the smallest possible filter, and washed with water 
containing hydrosulphuric acid. The filtrate, before being thrown 
away, should be again saturated with hydrosulphuric acid. The 
precipitate, which, even if much arsenic be present, is generally 
of a dirty -greyish colour*, contains organic matter, which must 
be removed. For this purpose the precipitate is dissolved in 
dilute ammonia, or in a concentrated solution of carbonate of 

* The precipitate may also contain, as sulphides, any of the metals which are 
precipitated by hydrosulphuric acid from an acid solution (antimony, lead, 
mercury, copper), by which the yellow colour of sulphide of arsenic would be 
disguised. They are left undissolved when the precipitate is treated wU.K 
ammonia. Zinc, if present, will be found in the or\^i[\«i ^Vc^\^ 
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ammonium, the solution evaporated to dryness, and the residue 
warmed with concentrated nitric acid (free from chlorine) in a 
porcelain crucible, till it is all dissolved : the solution is neutralised 
with caustic soda or carbonate of sodium, evaporated to dryness, 
and the residue heated to fusion. More nitrate of sodium may be 
added if necessary : when sufficient is present, the heated residue 
becomes first brown, then black, and finally fuses without detona- 
tion to a colourless ^quid. The fused mass, when cool, is gently 
heated with concentrated sulphuric acid till the nitric acid is 
completely expelled, dissolved in as little hot water as possible, 
and the solution introduced slowly and gradually into a Marsh's 
apparatus through the funnel«tube. The hydrogen in the appa- 
ratus is evolved from zinc and sulphuric acid, both previously 
tested for arsenic : the latter is added gradually, to avoid too 
great evolution of heat. Before introducing the arsenic-solution 
the apparatus should be full of hydrogen, and the long difficultly- 
fusible delivery-tube should be heated to redness in one spot. 
If, after heating the tube for an hour, no metallic mirror is ob- 
tained, nor any metallic stains upon a fragment of porcelain 
depressed into the flame of the kindled gas, the absence of arsenic 
may be regarded as certain. If a mirror and metallic stains be 
obtained, they must be proved to possess the physical and chemical 
properties of arsenic described at pp. 82, 83. If sufficient arsenic 
be present, it is advisable to obtain mirrors in different parts of 
the delivery-tube : the most characteristic of them having been 
selected, the portion of the tube containing it is cut off, sealed 
at both ends, and preserved for production before the court. 
When the amount of arsenic is very small, it is difficult to obtain 
satisfactory proof of the nature of the deposit : the only indica- 
tion which is perfectly conclusive is the production of a metallic 
mirror which volatilises when gently heated, and is again depo- 
sited in the cool part of the tube, at the same time imparting to 
the evolved gas the characteristic smell of garlic. 

If no arsenic be found in the stomach and intestines, it may 
have been partly carried away in the feeces and vomited matter, 
partly absorbed into the blood, and into those organs which are 
rich in blood. It is then necessary to examine the liver, spleen, 
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lungs, heart, and kidneys, by some of the methods above described. 
If any urine be found in the bladder, it should be examined first, 
by acidulation with hydrochloric acid, and saturation with hydro- 
sulphuric acid. 

Wohler gives the following method for the extraction of arseniq 
as especially applicable in cases when a body is exhumed entire 
after long interment. The whole of the soft parts are treated in 
a large porcelain dish with moderately strong nitric acid, and 
heated on a sand-bath with constant stirring, until they are con- 
verted into a homogeneous paste. The paste is neutralised by 
caustic potash or carbonate of potassium, and a quantity of nitre 
added about equal in weighjt to the organic matter operated upon. 
The whole is evaporated to dryness, with constant stirring, and 
the residue introduced by degrees into a new Hessian crucible, 
heated to dull redness : in this manner the organic matter is com- 
pletely destroyed, and the arsenic converted into alkaline arsenate. 
The amount of nitre added must be just enough to destroy all the 
organic matter, and no more : it is advisable to ignite a small 
portion of the mixture separately, and to observe whether it is 
quite white after ignition ; if not, more nitre is required. The 
ignited mass is then dissolved in as little hot water as possible, 
and, without filtering, heated with sulphuric acid till all the nitric 
and nitrous acids are expelled. When cool it is stirred up with 
cold water, and the solution poured off from the residue, which is 
thoroughly washed. This solution contains all the arsenic as 
arsenate of potassium, and is treated with hydrosulphuric acid as 
above. 

2. £xaiiftlnatioii for Phosphorus. 

Only the ordinary phosjphorus is poisonous : its action depends 
upon its oxidation into phosphorous acid. 

The best method for the detection of phosphorus in cases of 
poisoning is to distil the suspected substance in a fiask with water 
and sulphuric acid : the flask is fitted with a delivery-tube bent 
twice at right angles, the end of which dips into a receiver con- 
taining cold water, which must be kept cool. The distillatioit 
is performed in the dark. As soon a;a \\ieN«t'^o\«^"aitx\N'^\s^'^^ 
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cooled part of the tube, a continual phosphorescent light is ob- 
served therein, generally in the form of a shining ring : at the 
same time globules of phosphorus are deposited in the receiver. 
In this manner 1 part phosphorus may be detected in 100,000 
parts substance. It is essential to produce in court the water 
which contains globules of phosphorus, or which exhibits a phos- 
phorescent light. To obtain the reactions of phosphoric acid in 
the substance under examination is no proof that phosphorus has 
been administered : for this acid is contained in the majority of 
animal substances which are used as food. Neither can any re- 
liance be placed upon obtaining the reactions of phosphorous acid 
in the distillate. 

3. Examinatioii for Hydrocyanic Acid. 

The characteristic bitter-almond smell of prussic acid is gene- 
rally perceptible in substances in which hydrocyanic acid or 
cyanide of potassium are present, even in very small quantities. 
No certain conclusion, however, as to the absence of the poison 
can be drawn from the absence of the smell. 

The best method of detecting prussic acid in cases of poisoning 
is to separate it from the organic matter in which it is contained by 
distillation with dilute sulphuric acid. This operation is best 
performed in a flask, the delivery-tube of which dips into a re- 
ceiver containing distilled water, in which the hydrocyanic acid 
(if present) will be completely condensed. A portion of the dis- 
tillate is neutralised with potash, and tested by a ferroso-ferric 
salt and hydrochloric acid : another portion is tested by sulphide 
of ammonium and a ferric salt (p. 41). If the presence of hy- 
drocyanic acid be thus proved, it is still necessary to ascertain 
whether the cyanogen was contained in the substance examined in 
the form of some non-poisonous compound — e, g, ferro- or ferri- 
cyanide of potassium — from which it would be separated as hydro- 
cyanic acid by distillation with sulphuric acid. If this be the 
case, the aqueous extract of the original substance will give a pre- 
cipitate of Prussian blue with a ferroso-ferric salt. 

It must be borne in mind that mixtures which do not contain 
anjr cyanide occasionally give off hydrocyanic acid when distilled 
with sulphuric acid. 
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4. Examination for Poisonous Organic Bases. 

The following are the natural organic bases to which, on 
account of their poisonous properties, attention must be directed 
in chemico-legal investigations, and for whose detection a general 
method of proceeding can, within certain limits, be laid down: 

Nicotine, C^^E}^W. Coniine, C^HisN. Strychnine, C^^R^^WO^. 
Brudne, C^^HasN^O. Morphine, Ci^Hi^NO^. Atropine (datu- 
rine), C^^H^^NO^. Hyoscyamine. Solanine, Veratrine, C^^ H^^ 
N208. Colchicine. Aconitine, C^OH^^NO^. 

The following are the principal properties and reactions of these 
substances. Nicotine and Coniine are oily liquids, which can be 
distilled without decomposition : the former boils at 250°, the latter 
at 170® — 200°. They have an offensive smell, which in the case 
of nicotine is first perceptible on the application of heat. They 
are readily soluble in alcohol, ether, and acids : their salts are not 
crystallisable, are soluble in alcohol, insoluble in ether. Nicotine 
is more soluble in water than coniine. The rest of these bases 
are solid bodies, and (with the exception of veratrine, colchicine, 
and aconitine) readily crystallisable. — Strychnine is very slightly 
soluble in water, ether, or absolute alcohol : it has an intensely 
bitter taste. When it is treated with a few drops of concentrated 
sulphuric acid, and solid bichromate or ferricyanide of potassium, 
or peroxide of lead, added to the mixture, a magnificent blue 
colour is produced, which changes gradually to purple, violet, 
and red : the addition of water changes the colour at once to 
red, and gradually to yellow. Chlorine gives a white pre- 
cipitate with strychnine-salts. — Brucine is more soluble in water 
than strychnine; soluble in alcohol, insoluble in ether. With 
concentrated nitric acid it gives a dark-red colour, which 
on heating is changed gradually to orange and yellow: the 
addition of chloride of tin changes the yellow colour to intense 
violet. — Morphine is difficultly soluble in water and ether, readily 
in alcohol and alkalis. With concentrated nitric acid it gives 
first a blood-red, then a yellow, colour : with a neutral solution of 
ferric chloride a blue colour, which changes to green and brown : 
with iodic acid and starch paste, blue iodide o£ «AaxOcL, — AtTo-^m^ 
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(daturine) and Hyoscyamine, when applied to the eye of a cat, 
produce strong dilatation of the pupil : they are soluble in 
water^ alcohol, and ether, forming alkaline solutions. — Solanine is 
difficultly soluble in water, alcohol and ether: it is coloured 
yellow by concentrated nitric or hydrochloric acid ; by sulphuric 
acid, first yellow, then violet and brown. — Veratrine excites violent 
sneezing : it is difficultly soluble in water, readily in alcohol or 
ether: sulphuric acid colours it first yellow, then a fine carmine- 
red : concentrated hydrochloric a<;id dissolves it, forming a deep 
violet solution. — Colchicine is soluble in water, alcohol, and 
ether : sulphuric acid colours it brown-yellow ; nitric acid, blue or 
violet, changing to olive-green and yellow. — Aconitine is tolerably 
soluble in boiling water, forming a strongly alkaline solution ; 
readily soluble in alcohol, less so in ether. Nitric acid dissolves 
it without change of colour : sulphuric acid colours it first yellow, 
then violet. Like atropine, it produces dilatation of the pupil. — 
All these bases in a not too dilute hydrochloric acid solution give 
yellow precipitates with terchloride of gold, bichloride of platinum, 
and phosphomolybdic acid ; and white precipitates with chloride of 
mercury. Most of them are precipitated white by tannic acid, 
brown by solution of iodine. 

The simplest method for the separation of these bases from the 
organic matters which are usually submitted to analysis in 
chemico-legal investigations, is that proposed bySonnenschein 
(Ann. Ch. Pharm. civ. 45). The reaction upon which this me- 
thod of separation is founded is the precipitation of these sub- 
stances from an aqueous acid solution by phosphomolybdic acid. 
This reagent is thus prepared. The yellow precipitate obtained 
by adding phosphate of sodium to molybdate of ammonium is 
well washed, suspended in water, and heated with carbonate of 
sodium till it is completely dissolved. The solution is evaporated 
to dryness, and the residue ignited till all ammonia is expelled : if 
any reduction of molybdic acid take place, the residue is moistened 
with nitric acid, and again ignited. It is then heated with water, 
nitric acid added till the solution has a distinctly acid reaction, 
and the gold-yellow solution thus obtained diluted till 10 parts 
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solution contain 1 part solid residue. It must be carefully pre- 
served from contact with ammonia. 

The following is the process for the extraction of the bases. 
The whole of the organic matter to be examined is repeatedly 
exhausted with very dilute hydrochloric acid : the extract is eva- 
porated at a heat of 30° to the consistency of a thin syrup, then 
diluted, and left for some hours in a cool place before filtration. 
The filtrate is precipitated by excess of phosphomolybdic acid, 
filtered off, thoroughly washed with water containing phosphomo- 
lybdic and nitric acids, and introduced while moist into a flask. 
Caustic baryta is added, to a distinct alkaline reaction : and the 
flask having been fitted with a delivery-tube which is connected 
with a bulb-apparatus containing hydrochloric acid, heat is gradu- 
ally applied, when the ammonia and volatile organic bases distil 
over, and are collected in the hydrochloric acid. The residue in 
the flask (containing the non-volatile bases) is freed from excess 
of baryta by a current of carbonic anhydride, carefully evapo- 
rated to dryness, and extracted with strong alcohol. On evapo- 
rating the alcoholic solution, the bases are commonly obtained in 
a state of such purity that they will at once exhibit their cha- 
racteristic reactions : occasionally, however, they require to be 
further purified by recrystallisation from alcohol or ether. 

In some cases— -e.^. in examination for strychnine in large quan- 
tities of liquid — it is advantageous to employ animal charcoal, 
which possesses the property of absorbing several organic bases. 
The liquid is left for a day in contact with good animal charcoal, 
being frequently agitated with it : the charcoal is collected on a 
filter, thoroughly washed, and boiled with alcohol, which dis- 
solves out the base. 

The facts elicited by the judicial investigation will generally 
afford a clue to the particular poison which is especially to be 
looked for. The reactions obtained should always be controlled 
by careful comparison with those exhibited by a pure specimen 
of the substance whose presence is suspected. 
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ATOMIC WEIGHTS AND SYMBOLS OF THE ELEMENTS. 



Sym. 


Element 


At wt 


Sym. 


Element 


At wt 


Al. 


Aluminium . 


13-6 


Hg. 


Mercury 


100 


Sb. 


Antimony . 


120 


Mo. 


Molybdenum . 


48 


As. 


Arsenic 


75 


Ni. 


Nickel 


29 


Ba, 


Barium 


68-6 


Nb. 


Niobium or Colnmbiun 


1 — 


Bi. 


Bismuth 


. 208 


K 


Nitrogen . 


14 


B. 


Boron 


14-5 


Os. 


Osmium 


100 


Br. 


Bromine 


80 


0. 


Oxygen 


16 


Cd. 


Cadmium . 


56 


Pd. 


Palladium 


53 


Ca. 


Calcium 


20 


P. 


Phosphorus 


31 


C. 

Ce. 


Carbon 
Cerium . 


. 12 

46 


Ft 
K. 


Platinum 
Potassium . 


99 
39 


CL 


Chlorine 


. 35-5 


Rh. 


Rhodium 


52 


Cr. 


Chromium . 


. 26-2 


Ru. 


Ruthenium 


52 


Co. 


Cobalt 


, 30 


Se. 


Selenium 


79 


Cu. 


Copper 


31-7 


Si. 


Silicium 


28-5 


Di. 


Didjmiiiin 


48 


Ag. 


Silver 


108 




w 




Na. 


Sodium 


23 


E. 


Erbium . 


— 


Sr. 


Strontium . 


43-9 


F. 


Fluorine 


19 


S. 


Sulphur 


32 


G. 


Glucinum or Berjlliun 


11 4-7 


Ta. 


Tantalum 


137-6 


Au. 


Gold . 


. 196 


Te. 


Tellurium 


128 








Tr. 


Terbium 


_- 


H. 


Hydrogen . ^ 


1 


Th. 
Sn. 


Thorium. 
Tin . 


69-5 
. 118 


L 


Iodine 


. 127 


Ti. 


Titanium 


50 


Ir. 


Iridium. 


98-6 


U. 


Uranium 


60 


Fe. 


Iron . 


. 28 














V. 


Vanadium 


68-5 


La. 


Lanthanum 


46 








Pb. 


Lead . 


. 103-5. 


W. 


Wolfram or Tungstei 


1 92 


Li. 


Lithium . 


6-6 


Y. 


Yttrium 


35 


Mg. 


Magnesium . 


12 


Zn. 


Zinc . 


. 32-5 


Mn. 


Manganese . 


. 26 


. Zt. 


ZircQuium 


22-4 
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Abel, valuation of nitre . .260 


Aluminium, sep. from iron . 165, 


221 


Acetate of lead, anal, of 


. 206 


phosphoric 




Acetic acid . 


. 66 


acid . 


61 


ether 


. 67 


Amalgams 


122 


Acetone .... 


. 66 


estim. of mercury in 


127 


Acidimetry . bj wt. 234, by voL 


. 245 


AmWygonite .... 


188 


Acid reaction 


5 


Ammonia ..... 


190 


Acids, anhydrous 


5 


Ammonium .... 


190 


basicity of . 


. 6 


hydrate of 


190 


definition of 


5 


salts .... 


190 


examination for 


. 199 


sep. and estim. of 


191 


Aconitine . . . .277, 278 


Analysis, qualitative 


1 


Agate 50 


course of 


192 


Albumen, detection in urine, &c. 261,270 


quantitative . 


1 


Alkalimetry . by wt. 234, by voL 243 


by wt. and vol. 241 


Alkaline earths . . . .177 


examples for . 


202 


Alkaline-earth V metals . . .177 


Anatase 


170 


metals .... 185 


Anhydrides 


5 


Sep. from magne- 


Anhydrite 


181 


sium . .184 


Anorthite, anal of . . . 


222 


reaction ... 5 


Anthracite 


11 


waters .... 228 


Antimonic acid and anhydride 


90 


Alloys, antimony and lead, anal, of 215 


oxide .... 


88 


copper and tin, anal, of .212 


Antimonide of hydrogen 


89 


zinc, anal, of . 212 


Antimonites 


88 


and nickel. 


Antimonons anhydride . 


88 


anal. of. 213 


Antimony 


88 


silver and copper, anal, of .214 


estim. of . . 94, 


216 


and gold. 


intermediate oxide of . 


91 


anal, of 214 


oxides of, distinction from 


I 


tin and lead, anal, of .215 


each other 


91 


and bismuth. 


sep. from arsenic . 


93 


anal of . 215 


and tin 


98 


Alum . . . • . 164, 185 


tin 


97 


Alumina 164 


sulphides of . 


92 


Aluminium 163 


Apocrenic acid .... 


232 


salts . . . .164 


Apyrite . « « . . 


. "A 


sep. and estim. of, 16S 


,220 


1 AiyML-ieg>«k • • . * 


« 
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acid . . .85 
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Arsenide of hydrogen . . .82 
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Babo, test for arsenic . . .87 

Barium 178 

hydrate of . . .178 
oxide and salts of . .178 
sep. and estim. of . 179, 208 

Baryta 178 

Baryta- water . . . .178 
Bavarian tantalite . . .173 
Bell-metal, anal, of . . .212 

Benzine 69 

Benzoic acid, benzoates . . 69 
Berth ier, sep. of zirconium from 

glucinum 167 

Beryl, anal, of . . . .167 

Beryllium 166 

Berzelius (palladium, rhodium) 

136, 137 
Biacid phosphates . . .57 

Bibasic acids .... 6 

Bismuth 128 

distinction of from anti- 
mony .... 128 
sep. and estim. of . 129, 215 
telluride of, anaL of . 113 
BlsmatbJc anhydride . . .129 
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Bismuthic oxide . . . .128 

salts . . . .128 

Bitter-spar, anal of . . . 209 

Black lead 11 

Bleaching powder . • .28 

valuation of 29, 245 

Blowpipe 2 

Bloxam, valuation of nitre . 260 

Bone-earth . . 181; anal, of 224 

Boracite 47 

Borates 48 

Borax 48 

Boric acid and anhydride . . 47 

Boron 47 

estimation of . . .49 
Boumonite . 130; anaL of 93, 220 
Brass, anaL of . . . .212 

Braunite 149 

Bromates . . . . . 32 

Bromic acid 32 

Bromides 30 

Bromine 30 

detection of in organic 

compounds . . 33 

estim. of . . .38 

sep. of from chlorine and 

iodine . . .37 

Bronze, anaL of . . . .212 

Brookite 170 

Brown, voL estim. of copper . 253 

Brucine. 277 

Buns en, distinct, of oxides of 
antimony from each 
other . . .91 
sep. of arsenic from 

antimony . . 93 
estim. of antimony 94,216 
prep, of ceroso-ceric 

oxide . . .169 

comp. of „ „ .170 

vol. estim. by iodine 

and reducing agents 253 

Burettes 242 

Cadmic oxide . . . .133 
salts . . . .133 

Cadmium 133 

sep. and estim. of 134, 211 

Calamine 158 

Calcium 181 

chloride of . . , 181 
hydrate of . , . 181 
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Caleium, oxide and salts of . .181 

sep. and estim. of 182, 204, 208 

Calc-spar, anal, of . . . 204 

Calomel 123 

Cameleon . 247 ; preparation of 257 

Cancrinite 55 

Cane-sngar, estim. of . . .261 

Carbon 11 

hydrides of . . .14 
and oxygen in carbonates, 
estim. of . . . 205 
Carbonate of sodium, estim. of in 

alkaline waters . . . .231 
Carbonates . . 12 ; valuation of 234 
Carbonic acid . . . .12 
estim. of. . 13,233 
anhydride . . .12 
oxide . . . .14 
Cartmell, blowpipe-test for po- 
tassium 187 

Cast-iron, anal, of . . .157 
Ceiestine . . 179 ; anal, of 208 
Ceric oxide and salts . . .169 
Cerite . . .168; anal, of 169 

Cerium 168 

sep. and estim. of « .169 
Ceroso-ceric oxide . . 169, 170 
Cerous oxide and salts . . . 1 69 

Ceruse 118 

Chalcedony 50 

Chalybeate waters . . . 229 
Chancel, sep. of aluminium from 

iron . . . 165 

test for chromium . 176 

Chili saltpetre . . . .187 

Chlorates, chloric acid . . .27 

Chloride of lime . . . .28 

valuation of 29,245,251 

sodium, anal, of . . 203 

estim. of in urine 265 

Chlorides 25 

vol. estim. of soluble .256 

Chlorimetry 245 

Chlorine . . . . .24 
detection of in organic 

compounds . . .30 
estim. of 38, 203, 245, 251 
peroxide of . . .28 
sep. from bromine and 

iodine. . . .37 

water . . . .25 

Chlorites 28 



Pag© 

Chlorochromic acid . . 26, 175 

Chloroplatinates . . . .103 

Chlorous acid and anhydride . 28 

Chromates . 175 ; vol. estim. .of 252 

Chrome-iron-ore . 173; anal of 175 

ochre .... 173 

yellow . 119; anai of 176 

Chromic acid and anhydride . 174 

oxide and salts . .174 

Chromium 173 

oxide of . • .174 

sep. and estim. of .176 

Cinnabar . . . . 15, 122 

mercuric oxide and red 

lead, anaL of . .126 

Citrates, citric acid . . . 72 

Claudet (cobalt) . . .147 

Clay 163 

Clay-slale, decomp. of . • .54 
Clinkstone „ „ . . .54 

Cobalt 144 

distinction from nickel 145, 146 

protoxide of . . .144 

salts ..... 145 

sep. and estim. of . .147 

sesquioxide of . . . 147 

Cobalt-glance . 144 ; anal, of 216 

Cobakicyanide of potassium . . 44 

Cobalt-speiss, anal, of . . .216 

Coins, anal, of . . .101, 204 

Colchicine . . . . ^77, 278 

Columbite 173 

Columbium 173 

Condensible gases . . .12 

Coniino 277 

Copper 130 

protoxide and protosalts of 130 
sep. and estim. of . 132, 202 
suboxide and subsalts of . 130 
vol. estim. of . . . 253 
Copper-glance .... 130 
nickel . 141 ; anal of 143, 216 
pyrites . . 130 ; anal, of 210 



Corrosive sublimate 


. 122 


Course of qualitative analysis 


. 192 


Crenic acid .... 


. 232 


Cryolite .... 


. 45 


Cubic centimetre . 


. 242 


Cupellation .... 


. 121 


Cnpric oxide and salts . 


. 131 


Cuprous „ „ . . 


. 130 


Cyanates, cyanic acid . 


. 41 
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Cyanides 

doable 
Gyanite 
Cyanogen . 
Cyanuric acid 
Cymophane . 



rage 
38—41 
39,43 
. 54 
. 38 
. 42 
. 64 



Datolite 

Daturine 

Davy, estim. of urea . 

Debray (glucinam) . 

Diabetic sugar, estim. of 

Diamond 

Didymium . 

oxide and salts of 
Sep. and estim. of 
Dithionic acid «... 
Dithionous acid .... 
Dobereiner, sep. of palladium 

from copper .... 
Dolomite . . 13; anal, of 209 
Doable cyanides . . . 39« 43 
Dry way, employment of reagents 

in 2 



. 47 
277, 278 
. 269 
. 166 
. 260 
. 11 
. 168 
. 168 
. 168 
. 23 
. 22 



136 



Earths . . . . « 
Earthy metals 

phosphates, anal, of . 
appearance 
in Group 
Ebelmen (titanium) 
Emerald, anal, of 
Epidot, anal, of 
Erbia . 
Erbium 
Euchlorine . 
Euclase, anal, of 
Eudiometry . 
Examination for acids . 

metals 



of 

n. 



163 
163 
235 

198 
171 
167 
224 
168 
168 
27 
167 
7 
199 
195 



Fahl-ore . . 130; anal, of 218 
Fehling, estim. of sugar . . 262 
Felspar, anal, of . . . . 222 
Ferric acid and anhydride . .156 
Ferric oxide and salts . . . 1 55 

detection of in 

presence of 

ferrous salts 156 

Ferricyanides . . . .43 

Ferrocyanide of potassium, anal of 241 

Ferrocjaaidea • • . • . 4^ 



Paga 
Ferroso-ferric oxide . . .156 
Ferrous oxide and salts . .153 
Fleitmann (phosphates) . . 63 

Flint 50 

Fluoboric acid ... 49, 56 

Fluorides 45 

Fluorine 45 

estim. of . . . 47,226 

Fluor-spar 45 

Fluosilicates, fluosilicic acid . . 55 
Formates, formic acid . . .68 
Fownes, anal of earthy phos- 
phates 235 

Fractional saturation . . .67 
Fremy (osmium, platinum-resi- 
dues) .... 139,240 
Fresenius, test for arsenic . 87 

valuation of nitre . 260 
Fritzsche (osmium) • . .132 
Fulminic acid . . . . 42 
Fumaric acid . . . .73 
Fusible metal, anal of . . .215 

Gadolinite 168 

Galena . 15,116; anal, of 118 

Gallic acid 74 

Garnet . . 52 ; anal of 224 

Gay Lussac, valuation of nitre 260 
Gerhardt, def. of acids . . 5 
homologous bodies . 67 
German silver, anal of. . .213 
Glass . . . 52; anal of 223 

Glucina 166 

Glucinum 166 

salts . . . .166 

sep. and estim. of . .167 
Glucose, estim. of. . . .260 

Gmelin (selenic acid) . .114 

Gold . . . . . .100 

detection of in silver coins . 101 
protoxide of . . .100 
sep. and estim. of . .101 

teroxide of . . . .100 

Gold coins, anal, of . . . 214 
(^^ramme . . . . 229 

Gramme-atom .... 243 

Grape-sugar, estim. of . . . 260 

Graphite 11 

Groups ... . 2, 77 

Gun-metal, anal of . . .212 



\ 



Gypsum 



181; anal of 208 
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latite, red and brown . .153 
Iness of water, estim. of . .262 
smannite . . . .149 
fme ..... 55 
7" spar . . 178; anal, of 208 
neb erg (phosphates) . . 63 
ologous bodies . . .67 
iblende • . 45; anal, of 224 
i-silver . . . . .120 
ic acids .... 228 

ite ..... 50 

iodic acid . . . .33 
robromic acid . . .30 
rocarbons . . . .14 
rochloric acid . . .25 

rocjanic acid . . . .38 
vol. estim. of .257 
examination for 
in judicial in- 
vestigations .276 
"oflaoric acid . . . .45 

•ogen 77 

antimonide of . .89 

arsenide of . . .82 

estim. of . 78, 206, 207 

oxide of . . .78 

phosphide of . . 56 

'oselenic acid . . . Ii5 

osulphates . . . .16 

'osnlphuric acid . . .15 

estim.of 17, 230,251 

rotelluric acid . . . 1 12 

icyamine . . . 277, 278 

>chloric acid . , . .28 

jchlorites, hypochlorous acid . 28 

)chIorous anhydride . . 28 

)nitric acid .... 9 

jphosphites, hypophosphorous 

.d . . • . . . 65 

)$n1phates . . . .23 

)sulphite of sodinra, vol. estim. 

• ..... ^do 

)sulphites . . . .22 
)sulphuric acid . . .23 
)sulphiirous acid . . .22 

•ase, anal, of , . . . 224 
eration of filters . . . 202 
;es, iodic acid . . .36 
distinction of from perio- 
dates . . . .37 
les • • • • . «33 
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Iodides, vol. estim. of iodine in .254 

Iodine 33 

detection of in organic com- 
pounds . . . .37 
estim. of . . . 37, 228 
sep. from chlorine and bro- 
mine . . • .37 
Tol. estim. of . . 251, 254 
standard solution of . . 250 
starch-paper . . . 250 

Iridium 104 

oxides of. . . . 104 
sep. from platinum . . 238 

Iron 153 

magnetic oxide of . .156 
protoxide and protosalts of . 153 
scale oxide of . . . 1 56 
sep. and estim. of . .157, 203 
sesquioxide and sesqnisalts of 155 
, Tol. estim. of . . .257 

Iron-pyrites 153 

sconsB, anaL of . . .157 



Kakodyl . » . . 


67, 83 


Kalinm . . . . 


. 185 


Labradorite, anal, of . 


. 222 


Lactates, lactic acid 


. 74 


Lanthanous salts . 


. 169 


Lanthanum . 


, 168 


oxide of 


. 169 


sep. and estim. o: 


r , 169 


Toughing gas 


. 11 


Lead .... 


. 116 


bin oxide of, puce oxide 


. 118 


oxide of . . , 


. 116 


salts . . . . 


. 116 


sep. and estira. of llS 


1, 206,215 


T/Cpidolite, . . 188; ai 


laLof 189 


Liebig, sep. of nickel and < 


cobalt 148 


Light carburetted hydrogen 


. 14 


Lime .... 


. 181 


slaked . . . . 


. 181 


Lime-stone , . . . 


. 181 


water . . . . 


.181 


Lithia 


. 188 


Lithium 


. 188 


hydrate of 


. 188 


oxide and salts of 


. 188 


sep. and estim. of . 


. 189 


Litmus .... 


. 6 


Litre . . . . . 


. .243 
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Magnesia 
Magnesiam 



Page 

• . • • • 183 

• • • • • lox 

oxide and salts of .183 
Sep. and estim. of 184, 205 



Magnetic iron-ore 

oxide of iron 

Malachite . 

Malates 

Maleic acid . 

Malic acid . 

MangBpnates . 

Manganese . 

binoxide of 
protoxide of 
8ep. and estim. of 
sesqaioxide of 



. 153 
, 156 
. 130 
. 73 
. 73 
. 72 
. 151 
.,149 
. 150 
. 149 
152,210 
. 150 



Manganese-ores, 141 ; valuation of 235 

volum. do. 247 

Manganic acid and anhydride . 151 

oxide and salts . .150 

Manganoso-manganic oxide . .149 

Manganoos oxide and salts . .149 

Marble 181 

Marignac (cerium, &c) • . 170 
Marsh, test for arsenic and anti- 

mony . . . . 82, 89 
Marsh gas . . . . .14 
Meconic acid . . . .73 
Mercuric nitrate, estim. of . .266 
Mercuric oxide and salts . . 1 23 
Mercurous oxide and salts . .122 

Mercury 122 

protoxide and protosalts of 123 
sep. and estim. of . 125, 219 



suboxide and subsalts of . 
Mesotype, anal, of . . . 

Metals 

examination for 
Group I. Subdivisions A. B. 
II. Subdivision A. 

B. 
HL . 
IV. . 
Metantimonic acid 
Metaphosphoric acid 
Metastannic acid 
Meteoric iron 
Mica . 

Microcosmic salt 
Milk, anal, of 
Nilk'Sug&r, estimate of 
Mineral water, anal, of 



122 

220 

77 

195 

79 

140 

163 

. 177 

. 185 

. 90 

. 62 

95,96 

. 141 

. 45 

. 26 

. 262 

. 260 

. 2^& 



Page 

Minium 118 

Mohr (voL anal.) 242, 247, 248, 252, 

253, 258, 260 
Molybdate of lead . 106 ; anal, of 108 
Molybdates ..... 107 
Molybdenite, anaL of . . . 108 
Molybdenum .... 106 
binoxide o( brown 

oxide . . . 106 

blue oxide of . .106 

protoxide of . . 106 

sep. and estim. of . 106 

Molybdic acid and anhydride . 107 

oxide . . . .106 

salts .... 107 

Molybdous oxide and salts . . 106 

Monacid phosphates . . .57 

Monacite . . . . .167 

Monobasic acids . . . . 6 

Morphine 277 

M ii 1 1 e r, anal, of triphy lline . 1 89 
Murexide 75 



Natrium 

Natrolite, anal, of 
Nessler, test for amnoonia 
Nickel 

arsenide of, anaL of 
protoxide and salts of 
sep. and estim. of 
sesquioxide of . 
Nickel-ochre 

speiss, anal, of . 
Nicotine 

Niobic acid and anhydride 
Niobium 

sep. and estim. of 
Nioboas acid and anhydride 
Nitrate of mercury, estim. 
Nitrates, nitric acid 

estim. of 
Nitre . . 185; valuation 
Nitric oxide . 
Nitrites . • 
Nitrogen 

detection of in 

compounds . 
peroxide of . 
Nitroprusside of sodium 
Nitrous acid . 

anhydride 



of 



. 187 
. 220 
. 191 
. 141 

143,216 
. 141 

143,213 

. 142 

. 141 

. 216 

. 277 

. 173 

. 173 

. 17S 

. 173 

. 266 

. 7 

9,259 

of 259 

II 

10 



organic 



17 



9 

10 

9 

11 
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QetaHic elements . 
olatile organic acids 
al salts 



n 



Page 
5 

70 
6 

55 



Dt gas 14 

e. . .141; anal, of 222 

..••.. ou 

lie acids . . . 14, 65 

non-volatile . . 70 

volatile . . .66 

analysis .... 207 

bases, examination for in 

judicial investigations .277 

matter, detection of . .192 

e . . . . .168 

: acid and anhydride . .139 

oxide 138 

le of iridium . .138, 239 

e of potassium . . .139 

im . . . . • 138 

binoxide of . . .138 

sep. and estim. of . .139 

c acid 70 

standard solution of . 243 
en ..... 6 

lium 135 

oxide of (palladons oxide) 135 

Sep. and estinL of . .135 

yanogen . . . .38 

ium 173 

uze, valuation of nitre . .259 
lorates, perchloric acid . 26 
distinction from chlo- 
rates . . .27 

iates 36 

lie acid . . . .35 
inent gases . . . .12 
wganate of potassium . 247, 257 
Einganates . . . .151 
inganic acid and anhydride .151 
ides, voL estim. of . .252 
te . . 1 88 i anal, of 189 
leum . . . . . 185 
sr, anal, of . . ' . .215 
icite, anal, of . . .167 
)hate of sodium, anal, of . 205 
)hates (monacid, biacid) . 57 
)hide of hydrogen . .56 
>hides . . . .56 

ihites . . . .64 



Pasre 
Phosphomolybdic acid, prep, of . 278 
Phosphoric acid . . . .57 

sep. and estim. of 59, 
61, 205 
anhydride . . .57 
Phosphorous acid and anhydride . 64 
Phosphorus (ordinary and amor- 
phous) . . .56 
determination of in 

organic compounds 65 
exam, for in judicial 
investigations .275 
Phosphuretted hydrogen . . 56 

Pipettes 242 

Pitchblende. . 161; anal, of 162 
Platinic oxide . . . .102 
Platinous oxide . . . .102 

Platinum - 102 

binoxide of . . .102 
protoxide of. . .102 
sep. and estim. of . .103 
Platinum -black . . . .102 
metals . . . 137 

ores and residues, anal, of 237 

Plumbates 118 

Plumbic oxide . . . .116 
Poisons, exam, for . . .271 
Polybasic acids .... 6 
Polysulphides . . . .16 
Polythionic acids . . . .23 

Potash 186 

commercial, vaL of . . 234 

Potassium 185 

ferrorandferricyanideof 43 
hydrate of . . .186 
oxide and salts of . 186 

sep. and estim. of 187,207,223 
52; anal, of 221 



Prehnite 



. 192 
. 16 
41, 154, 155 
red and 



Preliminary examination 
Protosulphides 
Prussian blue 
Prussiate of potassium, 

yellow 
Prussic acid . 
Puce oxide of lead 
P u g h, estim. of nitrates 
Purple of Cassius . 
Pyrites . 
Pyrochlorite . 
Pyrolusite 
Pyrophosphates, pyrophosphoric 

acid 



43 
38 

118 
9 

101 
15 

167 

149 

63 
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Quartz .... 


• 


. 60 


Bacemic acid 


• 


. 72 


Reagents, general . 


• 


. 2 


special . 


• 


. 2 


Red copper-ore 


• 


. 130 


Red lead 


• 


. 118 


Red silver ore 94, 120; 


anal, of 220 


Reinsch, test for arsenic 


• 


. 82 


Rhodium 


• 


. 136 


sep. and estim. of . 


137, 238 


sesquioxide of 




. 136 


Rhodizite 




. 47 


Rochelle-salt, anal, of . 




. 207 


Rock-crystal 




. 50 


Rock-oil 




. 185 


Rock-salt 




24, 187 


solubility of . 




. 265 


Rose, sep. of phosphoric 


acid 


from metals 


• 


. 59 


sep. of antimony, 


arsenic. 


and tin 


• 


. 98 


reaction of auric salts with 


potash 


• 


. 100 


solubility of selenites 


. 114 


sep. of selenium and 


tel- 


lurium 


m 


. 116 


estim. of copper 


• 


. 133 


sep. of rhodium from 


pla- 


tinum-metals 


• 


. 137 


sep. of cobalt from nickel . 1 48 


niobium . 


• 
• 


. 173 


sep. of potassium 


and 


so- 


dium . 


• 


. 188 


Ruthenium . 


• 


. 137 


sep. and estim. 


of 


138, 237 


sesquioxide of 


• 


. 137 


Rutil . . . 170; 


anal, of 171 


Sal-ammoniac 


• 


. 190 


Saline waters 


• 


• 


. 228 


Saltpetre 


• 


• 


. 185 


Scale oxide of iron 




• 


. 156 


Scheele's green . 




• 


. 81 


Scoriae, behaviour to acids 


• 


. 52 


Selenates 


• 


. 114 


Selenic acid and anhydride 


■ • 


. 114 


Selenide of lead, anal, of 


• 


. 115 


Selenides, metallic 


• 


113, 115 


Seleniferous deposit in sulph 


uric 


acid chambers, anal, of 


• 


. 115 


Selenites 


• 


. 114 


Selenium 




• 


. \\a 
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Selenium, sep. and estim. of . .115 

Selenous acid and anhydride .114 

Silica, soluble and insoluble . . 50 

Sep. and estim. of .51, 220 

from titanic acid . . 55 

test for purity of . .62 

Silicates 50 

analysis of . . .52 
alkaline, analysis of . 223 

decomp. of, by acids . 52 

by fusion with 

fluxes 53, 223 
by hydrofluoric 
acid . 
Silicic acid (soluble silica) 

anhydride (insoluble silica) . 

Silicon 

estim. of . 



Silver 



64 
60 
60 
49 
220 
120 
121 



extraction of, from galena . 

silver re- 
sidues 121 
oxide and salts of . .121 
sep. and estim. of . 121, 214 
vol. estim. of . . . 255 
Silver-coins, anal, of . . .214 
detection of gold in .101 
glance . . . .120 
Soap, standard solution of . • 263 

Soda 187 

commercial, vaL of . .234 

Sodium 187 

hydrate of . . . 187 
oxide of . . . .187 
sep. and est. of 1 88, 204, 206, 207 
Soft-solder, anal, of . . .215 
Solanine .... 277,278 
Solution of solid substances . .193 
Sonnenschein, sep. of organic 

bases 278 

Spathic iron-ore, 13, 153 ; anal, of 209 
Specific gravity, determ. of . . 229 
Specular iron -ore . . . .153 
Speiss-cobalt, anaL of . . .216 
Spiller, non-precip. of sulphate 
of barium . . . .178 

Spodumen 188 

Standard solutions . . .242 

Stannic acid . . . ,95 

anhydride, oxide . . 95 

Stannous oxide . . . . 94 

*»lte . . .95 
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Stannons salts, distinct from stannic 96 
Starch, estim. of . . . .260 
Stilbite, anal, of . . . .221 
Strom eye r, estim. of boron . 49 
sep. of cobalt and 
nickel . .145 

Strontia 179 

Strontianite 179 

Strontium 179 

hydrate of . . .179 

oxide and salts of. . 179 

sep. and estim. of 180, 208 

Stru ye (osmium) . . . 139 

Strychnine 277 

Succinates 70 

Succinic acid . . . .69 

Sugar, estim. of . . . .260 

Sulphantimonates . . . .92 

Sulphantimonites . . . .92 

Sulpharsenic acid . • . .86 

Sulpharsenious acid . . .86 

Sulphate of copper, anal, of . . 202 

iron, anal, of . . 203 

and ammonium . 258 

magnesium, anal, of . 205 

Sulphates 18 

decomposition of insoL . 19 
distinct, from fluosilicates 

and selenates . .19 
estim. of sulphur and 

oxygen in . . . 203 
of barium, strontium, and 
calcium, sep. of . . 208 

Sulphides 15 

decomp. of . . 15, 16 

estim. of sulphur in 1 7, 2 1 

solubility of . . .16 

Sulphocyanates, sulphocyanie acid 42 

Sulpho-salts . . . 79, 86 

Sulphostannates . . • .96 

Sulphur 15 

detection of in dry way . 24 
in organ, com- 
pounds . 24 
estim. of in sulphides 17, 210 
Sulphuretted hydrogen . . .15 

water . 15 

Sulphuric acid . . . .18 

estim. of .18, 203 

anhydride . . .17 

Sulphurous acid and anhydride . 20 

estim. of • .21 



Sulphur-waters • • • . 229 

Tannic acid 73 

Tantalic acid and anhydride .172 
Tantalite, anaL of . .• .172 

Tantalum 172 

oxide of . . .172 

sep. and estim. of . .172 

Tartar emetic . . . .89 

Tartaric acid . . . .71 

Tartrate of potassium and sodium, 

anal, of 207 

Tartrates 71 

Tellurates 112 

Telluric acid and anhydride . .112 

oxide . . . .111 

Telluride of bismuth, anal, of . 113 

Tellurites Ill 

Tellurium Ill 

foliated and graphic, 

anal, of . . . 113 

sep. and estim. of. .113 

Tellurous acid and anhydride .111 

Terbia 168 

Terbium 168 

Thoria 167 

Thorite, anal, of . . . .168 

Thorium 167 

oxide of . . . . 167 
sep. and estim. of . . 168 

Tin 94 

binoxide of . . . .95 
estim. of . . 97, 99, 212 
protosalts of . . . .95 
protoxide of . . . .94 
sep. of from antimony . . 97 
arsenic . 97 

antimony and ar- 
senic . . 98 
sulphides of . . ' . .96 

Tincal 47 

Tinstone 94 

Titanic acid and anhydride . .170 
Titaniferous iron . 170; anaL of 171 
Titanite . . . „ „ 171 

Titanium 170 

cyanide and nitride of . 170 
sep. and e^tim. of. .171 
sesquioxide of . .171 

Topaz 45 

Tourmtdine . • . ^s^^^rv^^^ 
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Page 
Triphylline . , 188 ; anaL of 189 
Troost, anal, of lepidolite . .189 
Tungstates . . . . .105 

Tungsten 104 

Tungstic acid and anhydride . 105 

oxide .... 105 

Type-metal, anal, of . . .215 

Ultramarine 55 

Uranic oxide and salts. . .161 

TJranite 161 

Uranium 161 

protoxide of . . .161 
Sep. and estim. of . .162 
sesquioxide of . .161 

Uran-ochre 161 

Uranoso- uranic oxide . . .161 
Uranous oxide and salts . .161 
Urea, estim. of in urine (Liebig) 267 

(Davy) . 269 

Uric acid 75 

. 264 
. 264 



estim. of in urine 
Urine, anaL of 

Vanadate of lead, anal, of 

Vanadates . 

Vanadic acid and anhydride 

oxide 

salts 
Vanadites . 
Vanadium . 

binoxide of . 

extract, of from iron 

protoxide of . 

salts 

sep. and estim. of 
Vanadons anhydride . 

oxide . 
Varvicite 
Veratrine 
Vesuvian 
Vohl, sep. of tin from arsenic and 

antimony . 
Volumetric analysis 



ores 



27: 



111 
110 
110 
109 
110 
110 
109 
109 
110 
109 
109 
111 
109 
109 
149 
278 
52 



85, 100 
241 



direct and resi- 
dual method 242 
examples in . 24S 



Page 
Volumetric estimations by iodine 
and arsenious anhydride • . 243 

Water 78 

detection and estimation 
of . . . .78, 202 , 
"Watts (cerium, &c.) , . . 170 

Wavellite 45 

Wet way, employment of reagents in 2 
Williamson, oxidation of sul- 
phides of antimony, arsenic, 

and tin 99 

White lead . . 118; anaL of 119 

Witherite 178 

W o hie r, prep, of pure molybdic 

anhydride . . . 108 
anal, of cinnabar, mercuric 

oxide, and red lead . 126 
estim. of water in Bochelle- 

salt . . . .207 

anaL of platinum -ores .239 

ferrocyanide of 

potassium . 241 

extract of arsenic from 

organic matter . .275 

Wolfram 104 

anal, of mineral • . 105 
oxides of . • .104 
sep. and estim. of • .105 

Yttria ...... 168 

Yttrium 168 

sep. and estim. of . .168 
Yttrotantalite . . . 168, 178 

Zeolites, anal, of . • . . 221 
behaviour of to acids . 52 

Zinc 158 

oxide and salts . . .158 

sep. and estim. of . . 159, 218 

Zinc-blende. . 158; anaL of 211 

Zinc-glance 158 

Zinkenite, anal, of . . .93 
Zircon . . .54; anal, of 167 
Zirconia . . . . .167 

Zirconium 167 

salts . . . .167 
Sep. and estim. of . . 167 
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COMPLETION OF DE LA RIVE'S WORK ON ELECTRICITY. 



Just published. Vol. III. in 8to. with 'Woodcuts, price 27s. cloth, 

TEEATISE ON ^ELECTEICITY, 

IN THEORY AND PRACTICE. 

By A. DE LA EIVE, 

LATE PEOFESSOE IN THE ACADEMY OP GENEVA. 

Translated for the Author hy C. Y. WALKER, F.R.S. 



OPINIONS OF THE PRESS. 



" The name of De la Rive has long been 
amongst the foremost in the annals of elec- 
tricity, and is, therefore, too well known to 
most of our readers to render it necessary to 
Bay much by way of introduction. Both as an 
experimenter and a theorist the author of this 
treatise stands amongst the very highest in 
Europe. Any work, therefore, from his pen 
must be valuable, but the one before us is un- 
usually so, because it contains not only the 
matured result of his own extensive researches, 
but also of all other electricians up to the pre- 
sent year. No work at all approachinsr it in 
eiUier fulness, completeness, or clearness, has 
yet been published. The three volumes contain 
very nearly 2,300 pages, and have been more 
than five years in the course of publication, the 
delay having been in a large degree occasioned 
by the anxiety of the author to make his work 
as complete as possible. We have in it, con- 
8 equently, not merely a full exposition of the 
older laws and applications of the science, but 
of its most recent acquisitions and develop- 
ments, all set forth with that perspicuity and 
accuracy which no man could give who was not 
a thorough master of the science." 

Mechanic's Magazine. 

" The fundamental phenomena of elec- 
tricity are explained in the first part. The 
second part is devoted to a careful examination 
of the conditions of electricity in a state of rest 
or tension, and an examination of the theories 
of electricity. Electro-dynamics and magnet- 
ism are very fully treated of in the third section 
of the work, and difi'erent chapters are devoted 
to a philosophic disquisition on the mutual 
actions of magnetism and electricity, and a de- 
scription of mag^ietic instruments. In the fourth 



section we have an examination of the 
phenomena relating to the mode of the propa- 
gation of electricity in the interior of bodies ; 
a detailed study of the calorific, luminous, and 
chemical effects; and of the physiological 
phenomena to which electricity gives rise in 
organised bodies. The sources of electricity 
then become, in the fifth division, the subjects 
of study ; and in the last section all the uses of 
this remarkable power are treated of— such as 
electrochemical applications (gilding, galvano> 
plastic, &c.), electro - magnetic appliances 
(telegraphy, clocks, &c.), electro- calorific and 
electro-luminous experiments, and the uses of 
electricity as a curative agent, or a means of 
physiological investigation. This enumeration 
of the contents of this work, of which the 
volume before us forms a part, will prove the 
extent of the inquiry, and will serve to show 
how large an area is occupied by electricity in 
the domain of the physical sciences. Professor 
De la Rive has ably executed his task, and in 
the three volumes, now brought to a close, we 
have one of the best treatises on electricity in 
any English language. The English translation 
has been executed from the author's French 
manuscript by Mr. Charles V. Walker, so well 
known to the public by his ingenious appliances 
to render the electric telegraph more effective, 
and less liable to derangement, than he found 
it. So able a translator has, it may be imagined, 
done full justice to his author; and, seeing that 
no one who did not possess a perfect knowIedjEpe 
of the science of electricity could deal with its 
technicalities, our acknowledgments of ex- 
cellence are also due to him who has under- 
taken the laborious task of rendering this 
treatise into English." 

Literary Gazette. 



%* Vol. I. price 18s. and Vol. II. price 28s. may also be had. 



London: LONGMAN, BEOWN, and CO.,^^^^^^'^'^'^^^^^^^ 



VAN DER HOEVEN'S HANDBOOK OF ZOOLOGY. 

Just published, in 8vo. with 24 Plates of Figures, price 60s. cloth, 

HANDBOOK OF ZOOLOGY 

By J. VAN DEE HOEVEN, M.D., 

Professor of Zoology in the University of Leyden. 

Translated from the Second Dutch Edition (with copious additional Beferenoes 

furnished by the Author) 

By the Rev. W. CLARK, M.D., F.R.S., &c. 

Late Fellow of Trinity College, and Professor of Anatomy in 
the University of Cambridge. 



•* This stupendous monument of scien- 
tific erudition is more fitted for a text-book to 
the student whose motto is thorough than for 
a popular reader of zoOlo{i:y. Every thinfi^ that 
the celebrated Dutch Professor touches is 
thorou(i^hly handled, without being overlaid, 
though unless for the determined student there 
will (>eem to be a great amount of detail as 
well as much minuteness. The first edition 
of his Zoology was commenced in 1827, and 
completed in 1R35. The work may be con- 
sidered under two heads. The one gives a 
broad view of the (general subject— a class, an 
order, &c. ; including the history of its dis- 
covery, as well as the account of its nature. 
This is followed by a detailed exposition of 
the difi'erent species, with the particulars 
necessary for the student to learn. An intro- 
duction contains a survey of nature in its great 
divisions of inorganic bodies and vegetable and 
animal life. The volume begins with the 
lowest class, the Infusoria, and closes with 
the Molluscs." Spectator. 

" Professor Van Der Hoeven's excellent 
volume opens with an Introduction describing 
briefly, but clearly, the general conditions of 
animal life, and the general principles or 
zoological classification. This is followed by 
a detailed det>cription of every class in suc- 
cession, with an enumeration of its orders, 
families, genera, and species. A series of ele- 
gant plates completes the volume. No other 
work presents so clear and so perfect a view 
of the animal kingdom. In translating it, and 
interweaving into its text the new matter which 
the advance of science has contributed since 
its original publication. Dr. Clarke has most 
judiciously discharged the duty which he felt 
imposed upon him by the recent changes in 
the Cambridge curriculum, and his own posi- 



tion in the University. We shall be glad to 
see the work completed by the addition of tbe 
Vertebrate Animals in a second volume." 

Guardian. 

'* The appearance of the second volume 
of this work puts the English student into M 
possession of the latest conspectus of the al- 
ready immense and ever increasing science of 
zoology. The eminent Dutch professor has 
produced a great work. Tbe master-genius, 
which in Linnaeus formed the Syttema NtUwtm, 
cannot indeed be attributed to Van Der Hoe- 
ven, nor the ^rand conception which developed 
La m^e Animal in the brain of Cuvier. The 
illustrious Swede created the science almoit 
denovo] and the sagacious Frenchman, thrust- 
ing it again into the fire, forged it anew apon 
his own anvil, by the sole power of his own 
mighty hand. But a host of artificers have 
been working at it of late years ; the clang of 
a thousand hammers is daily heard, fashioning 
and re-fashioning it in every part ; the grand 
difficulty is now in selecting from the host of 
rival booksmiths: ecce tignum/ even before 
the iron has cooled, while one end of tbe ete- 
borate implement is yet in the Leyden fire, 
tbe other end has been found to need remodd- 
ling, and is changing its shape under the 
liammers of ardent successors. The volnme 
before us is prefaced by a valuable and elabo- 
rate essay from the pen of the translator* 
embodying the principal additions made to 
zoology (chiefly invertebrate zoology) since the 
app*'arance ot the first volume. Some of these 

additions are important The book is an 

admirable revolt of learning, skill, and labour, 
and ought to find a place in every zoologist's 
library. The translator appears to have exe- 
cuted his part of the work with care and 
faithfulness." Literary Gazbttb. 



^^ Each volume, viz. Vol. I. Invertebrate Animals^ with 15 Plates of Figurea, and 
Vol. II. Vertebrate Animals^ with 9 Plates of Figures, — may be 
liad separately, price ZOs. cloth. 

London : LONGMAN, BRO^^, m\ CiO., "Paternoster Eow. 



MAUNDER' S 

POPUIAETEEASURIES. 

%* New and thoroughly revised Editions; each Treasury complete in One 

compact Volume, fcp. 8vo. of about 900 pages, comprising aoout 

1,800 columns of small but very legible type. 

Science and Iiiteratnre* 

MAUNDER'S SCIENTIFIC AND LITERARY 

TREASURY : A new and popular Encyclopaedia of Science and the Belles- 
Lettres : Including every Subject connected with Literature and Art. Price 10s. 

Biography. 

MAUNDER'S BIOGRAPHICAL TREASURY: 

Consisting of Memoirs, Sketches, and brief Notices of above 12,000 Eminent 
Persons of all Ages and Nations Price 10s. 

General Knowledge* 

MAUNDER'S TREASURY OF KNOWLEDGE, AND 

LIBRARY of REFERENCE : A copious popular Compendium of Universal 

Knowledge : Including Grammar, Dictionary, (Gazetteer, Mythology, Chronolc^y, Peerage, &c. Price 10s. 

Natural History* 

MAUNDER'S TREASURY OF NATURAL 

HISTOR,Y: A popular Dictionary of Animated Nature: Enlivened with 
Anecdotes of the Instinct, &c., of Animals; with 900 Woodcuts.... Price 10s. 

History. 

MAUNDER'S HISTORICAL TREASURY: 

Comprising copious general introductory Outiines of Universal History, and 
separate Histories of every principal Nation Price 10s. 

Geography. 

MAUNDER'S TREASURY OF GEOGRAPHY, 

Physical, Historical, Descriptive, and Political. (Completed by WiLLiiLM: 
Hughes, E.R.G.S.) With Maps and Steel Plates Price 10s. 



The SIX TREASURIES complete, price £3, cloth. 



"EaiChTreasufy 



'price 123. 6d. neatly whole bound in calf,' 
price 12s. bound in roan, with gilt edges, or 
.price 10s. bound in cloth lettered, 



maybe had separately 



(as above 

London: LONGMAN, BEO^U, Miai CO ., ^^\.^Tt^^^\«^''^'^ ^ 



NEW EDITION OF HERSCHEL'S OUTLINES OF ASTRONOMY. 



^^h^^^^tfVA^«^i^^^^^%A/\/^%^\/^^^V^/>^h^^«^^« 



In One Volume, 8vo. with numerous Plates and Woodcuts, pricse 18s. doth, 

OXJTLINES OF ASTEONOMT. 

Bj Sir JOHN F. W. HEESCHEL, Bart., K.H. 

MEMBER or THE INSTITUTE OV FRANCE, ETC 

THE FIFTH BDITIOMT. 

Thoroughly revised and corrected to the existing state of Astronomical Science. 



nPHE first edition of this work, which 
-L was published in 1849, might be con- 
sidered as an extension of a treatise on 
the same subject that was published in 
the Cabinet Cyclopaedia in 1833. But 
within the last few years, astronomy has 
been enriched by so many and such con- 
siderable additions, that this new edition, 
in which they are recorded, may in some 
respects be considered as a new work. 
Together with these recent accessions to 
our knowledge, the author has intro- 
duced an account of the methods by which 
the mass of the earth has been deter- 
mined, the ancient solar eclipses, M. Fou- 
cault's remarkable pendulum experi- 
ments, and the beautiful instrument the 
gyroscope, together with notices of Pro- 
fessor Thomson's speculations on the 
origin of the sun's heat, and some curious 
views of M. Jean Beynaud on the secular 
variation of our climates. Some new 
speculations are also hazarded ; as, for 
instance, on the subject of the moon's 
habitabiUty, the cause of the acceleration 
of Encke's comet, &c. &c. In writing 
this work, the object of the author was 
not to produce a technical treatise, in 



which the student should find a minute 
description of methods of observation 
on the formulflB he requires prepared to 
his hand, or their demonstrations drawn, 
out in detail ; but to present to him in 
each case the mere ultimate rationale of 
facte f argumenfSt and processes; and in 
all cases of mathematical application, 
avoiding whatever would tend to encum- 
ber its pages with algebraic or geometri- 
cal symbols, to place under his inspectiim 
that central thread of common sense on 
which the pearls of analytical researoli 
are invariably strung ; — in a word, the 
aim of the work is simply to teach all 
that is knovm on the subject of astro- 
nomy. The author has endeavoured 
to render it as independent of other 
books as possible. But for the more 
advantageous perusal of it, the student 
should be famihar with decimal and sex- 
agesimal arithmetic, besides having a 
moderate acquaintance with geometry 
and trigonometry, the elementary prin- 
ciples of mechanics, and enough of opties 
to understand the construction and use 
of the telescope and some other of the 
simpler instruments. 



Uniform with the above, in Svo. price IBs. cloth. 



Sir J. HERSCHEL'S ESSAYS from the EDINBURGH 

and QUARTERLY REVIEWS ; with Addresses and other Pieces. 

are active members of general book clubs, 
and we can assure them that it would be 



rCESE essays and addresses of Sir John 
Herschel are not mere chronicles of 
the progress of the science with which 
his name is indissolubly connected. The 
highest truths of this science are simpl;p 
and beautifully expounded, and made clear 
to all classes. Very many of our readers 



difficult to find a work so likely to be both 
instructive, interesting, and generally 
acceptable as this collection of Sir John 
Herschel's essays and addresses. 

Medical Times and Gazbttb. 



London: LOJfGMAU, BROW'S, wi^ C-O.^^t^fc^moaterEow. 



COMPLETION OF DR. COPLAND'S MEDICAL DICTIONARY. 



Just published, Parts XIX. and XX. (a double part, completion, with classified 
Contents and a copious Index) price 9s. sewed j and Vol. III. (in two parts) 
8vo. price £2. lis. cloth, 

A DICTIONARY 

OF 

PEAOTIOAL MEDICINE: 

COMPRISING GENERAL PATHOLOGY, THE KATTTRE AND TREATMENT OP DISEASES, 

MORBID STRUCTURES, AND THE DISORDERS ESPECIALLY INCIDENTAL TO 

CLIMATES, TO SEX, AND TO THE DIFFERENT EPOCHS OF LIFE ; 

WITH NUMEROUS APPROVED FORMULAE OF THE MEDICINES RECOMMENDED, &c. 

By JAMES COPLAND, M.D., E.E.S., &c. 



" TN Dr. Copland's Dictionary ofPrac 
-L iical Medicine we see a reflex of 



Gherman erudition, French acuteness, and 
British practical common sense. It has 
long had an European reputation, and 
will, we have no doubt, successfully main- 
tain what it has taken its author so much 
patient trouble to acquire." 

Lancet, Sept. 4. 



Critical Opinions of this Dictionary. 

sisted, but encouraged to persevere by 
many friends, to whom in gratitude and 
affection he dedicates his volumes, and 
no doubt cheered also, at intervals, by 



€C 



WE heartily congratulate the learned 
and indefatigable author of the 



Dictionary of Practical Medicine on the 
achievement of his herculean undertak- 
ing, commenced in the enthusiasm of 
manhood thirty years ago. His writings 
during this long period have never failed to 
arrest the attention, and to sustain it with 
unflagging interest throughout the com- 
prehensive accounts which from time to 
time he has published regarding the na- 
ture of diseases and their treatment. The 
execution of every part of his work bears 
ample evidence that he has not only 

read, but studied, with unwearied men- 
tal labour, the best medical authors, not only of 
his own time, but those of past ages. His ideas, 
his doctrines, his descriptions, and his instructions 
are conveyed in lan^^uage at once terse, clear, forci- 
ble, and condensed ; and his whole work is in itself 
a library of patholoei<!al doctrine and therapeuti(»l 
I, 01^ which Knglish literature has every reason 



l<nre, 

to be proud. 



With incessant labour, alone and unas- 



the encomiums of the medical press, as 
part after part of his work made its tardy 
appearance. Dr. Copland has, at length, 
accomplished an undoubtedly great work, 
which must remain an imperishable mo- 
nument of his talents, of his learning, and 
of his persevering industry. As a com- 
pleted treatise, it is of the most com- 
prehensive kind, executed with a unity 
of principle, which, even through some 
inconsistencies, tends to establish con- 
viction and to command belief. Although 
pubhshed as a dictionary (which, indeed, 
is the most unpretending form in which 
the subject-matter of any science can be 
expressed), the Dictionary of Practical 
Medicine has some of the merits of a sys- 
tematic treatise, inasmuch as a classified 
table of contents has been issued in the 
last part now pubhshed. Dr. Copland's 
arrangement of diseases, lesions, and 
modes of cure, is founded upon our knowledge, or 
presumed knowledge, of the conditions of vital farcer 
and has constant reference to those conditions,—' to 
that power which actuates the whole human organi- 
sation, and to which a continued regard must neces- 
sarily be had, and a constant reliance placed, in our 
efiforts to alleviate or remove disease.' 

Msi>iCAL Tirne^ and Gazbttb, Sept. 18. 



„^ Vols. I. and II. price 60s. cloth, may also be had : and the work complete, 
in 3 vols, price £5. lis. cloth. — The Parts may at present be had separately; and 
the Publishers will be obliged by the Subscribers perfecting their sets with as little 
delay as possible. ___^___»^ 



NEW SERIES OF GALBRAITH & HAUGHTON'S SCIENTIFIC MANUALS, 



Preparing for publication^ in fcp. 8po. 

A NEW SERIES 

SCIENTIFIC MANUALS 

By the Kev. JOSEPH A. GALBRAITH, M.A. 

Fellow of Trinity College, and Erasmus Smith's Professor of Natural and Experimental 

Philosophy in the University of Dublin ; 

And the Rev. SAMUEL HAUGHTON, M.A. 

Fellow of Trinity College, and Professor of Geolog^r in the University of Dublin. 



The success which has attended the 
publication of the Mathematical Series 
of Manuals has induced the authors to 
call in the aid of other highly compe- 
tent writers, with a view of publishing 
a corresponding series of Scientific 
Manuals in Experimental and Natural 
Science. In the Experimental and Na- 
tural Science Manuals, the metliod 
which has been adopted in the Mathe- 
matical Series with such success will be 
adhered to ; viz. providing the student 
with numerous carefully devised Exer- 
cises at the close of each chapter, to 
illustrate the principles laid down. 
Messrs. Galbraith and Haughton have 
undertaken to write several of the 
Manuals in Experimental Science them- 
selves, and will edit and superintend the 
entire series. The following is the plan 
proposed to be followed : — 

Manuals of Experimental Science* 
James Apjohn, M.D., Professor of 
Chemistry and Mineralogy in the Uni- 
versity of Dublin, will write the Manuals 
of Chemistry (Inorganic) and Mineralogy. 

Eev. Joseph A. Galbraith, M.A., Fel- 
low of Trinity College, and Erasmus 
Smith's Professor of Experimental Phi- 
losophy in the University of Dublin, will 
undertake the Manuals of Heat, Electri- 
city, and Magnetism. 

Rev. Samuel Haughton, M.A., Fellow 
of Trinity College, and Professor of Geo- 
logy in the University of Dublin, will 
write the Manuals of Physical and Stra- 
tigraphical Geology. 



Manuals of Natural Science. 

William H. Harvey, M.D., Professor 
of Botany in the University of Dublin, 
will write the Manuals of Structural and 
Systematic Botany. 

The Manuals of Zoology will be written 
by the following gentlemen : — 

John Robert Kinahan, M.D., Profes- 
sor of Zoology in the Government School 
of Science applied to Mining and the 
Arts. 

Edward Percival Wright, M.B., Direc- 
tor of the Museum of Trinity College) 
Dublin. — And 

Joseph Reay Greene, Professor of Na- 
tural History in the Queen's College, 
Cork. 

The following Manuals are in prepara* 
tion: — 

Experimental Science Series. 

1. Manual of the Metalloids. By 
James Apjohn, M.D. 

2. Manual of Physical Gkology. By 
Rer. Samuel Haughton, M.A. 

Natural Science Series, 

1. Manual of SysteqAtic Botany. By 
Wm. H. Harvey, M.D. 

2. Manual of the Vertebrata. Bj 
J. R. Eonahan, M.D. 

3. Manual of the Proioioa and Coeten- 
terata. By J. Reay Greene. 



London : L0NGMA15, BIBlO^^, wi^ CiQ>,,^^Wiioater Eow. 
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Aikin*! Select Work* of the 



Arufo (F.)-^i(wrapliiefl of IH«' 

tlneniahed Scientlffc Hen. TmriElated 
KB.S., Ac.j tlieBev.UiDBst'owBU^ 

Arago's Heteoroloaleal Tmajs. 

Arago'e Fopnler Aatronomy. 
TmiBlued ud edlttd by AdrairBl 
W. U.Sl[TTHa>.C.L„ FJt.fi. , and Ro- 

Woodcut*, ill.— Vol. il.lBlulhepRii. 
Arnold. — Merope, a Tragedy. 

« and an UlBtorlcai InlroductlQD. 

Arnold.— Fcenu. By Katthew 



Lord 2itcon'a Tork*. A Fsw 

'^I'mUrl^^-*' J 



ma lileP^^ot^Snilyl 



XJlwariiand Pnifiaios 






Metrioil Leaeiida, FislliTe Piecea 
Ahiija Bsae; wSniGeLlteorJo 
orowo^TO. ila. clotb: or4Ea.inor 
Baker.— The Side andthoHomid 

engraTcd ou Wood. Fcp.Svo. it. i 

Baker, i— Eight Tears' Wander- 

irffj? C^lon. By B. W. JlHEB. Baa. 
WithStofooredPlMoa. 8to. ISl. 






%FlKnTBuiH,Pta.D., 
niuatratioue. B Tola. 8vo. ib, Eii. dotb. 

Bayldon'M Art of TalninR Eenta 
oponilulrtSFanBi.atbo 



. Lii3)-.d 



Liwy-^ay ; u reriBei! 



Blftck'i FraEtical Treatiu ( 

Brewiia. Used on Chemlcsl End Ei 
nomlBir IrlncliileB : With Formo 
tor Fabllc Bnwen, and InUroctk 



Blaise'i EnoydopndU of Bural 

riSj, tW^dcDl, tnd De«cripUvs, of 
Munting, Shoolinn, riBhinc, Radng, 



BUli'i GhmudMlMl and His- 



WitMnj loMUiittbaCamMiatt 

St. Put M muiKtiiiK a* Ari«d Itvm 
Uu ^oSt to tlH T«ai>le. UoOtr tlie 
mlrion of Sir Hihit Ellib. E.H. 
Imperial Sro. Sis. Bd. halfmonoeo. 

Boyd. ^ A Kaimftl Ibr ITaTal 
Cadets, Publlahed witti Die uiiclJDn 
uid jLpproni of (he Lord< Conunie- 
Bionetiot Oa Adiolra]t>. ^ loss 
M'Mdli. Boid, Capl4dn, R.H. Wilh 
ConlpBBfl-Sliaiala kn Cokoun, and SSQ 

Bloomfidd.— The Qraek TMta. 
)1(Klal» md Biplsnatorj. 



Bonme. ^ A Tieatue on the 

BUun Engine, In ilB Application to 
Minra, MfllB, Sleam NavSpilton, and 
BaUwH7>. BythBAitimnCluti. Edited 
vitti S» Steel Fl'at«s,' iodine W^ 

Bonma.^A Treatin en tlie 

BcKH Propeller! With iiHous Siig. 



Brande'* SiotioDar7 ol Sdenee, 



tKtunWjincluding' DyelEft Blaaohing, 
Iho PrmrvalJon of Wood, Tamtliu, 

Brewer.— Ai Atlas of ^Mterj 

ud Oeoersphy, from the ConmHuB- 
meot af Uie Chiletjiii E» lo tbe Prt- 



Ber. B. T. Bujoiifiii.d 



Chrooologlval Order, wifb 

U.A. 5F«Tul.&liCii>«, r«Tlf 
rect«d. Raynl Byo. 19a, od. 

Brialmont. — The Lift of the 



Dr. Bloomfield'i College ft Sohool 

briefEn«|UlllNol«i,chiefi]!'hnii'liii;iciJ j 



« Fotcn Bid ^iMDdiiy oT SI. 
'I. With KapB, Flu, ud P«- 
^, Vols, I. and II, Bvo, price 30b. 



Or. Bloomfleld'i College ft Sobool 

Laiiain to the dreek Totament, K«» 



Bouns's Catechiim of the Bteam 
Engine tn lis varlnua Applk^dioni lo 
waj't, and Agrliniltnit : wttb^raetlcal 



Dr. T. Bnll'i Hinta to Mothwi ia> 

thtManafenwntofthalr Health during 
(he Period of Praenancy and In the 
Ljin^ln Room^ With an' Expoanre of 
BUb;«ctB.^,;BndlI]nuniioDXnrNnt 
NwKdltkin; Fcp,B.o.S>. 

Bull. — The Xatenial Kaniiee- 

^HifeiT lutUnUoo. N*w Bdltton. 



Brodie. — FiTotiological Inqni- 



BouHD.— 4%ristiaiiitj and Hsa- 

kind, their BeRliiiiiDt!i and FnMpectEi. 
D,C.L., Sjh.' Iteiii i'NTO''fcaitkiK; 



BUllop Butler*! Qeneral Atlas 

priALn^ Flfty-Cvo rUl-folcMired isw^ ; 
wlOi domplelo InJlren. New Sii&n, 
Eiil«rsM.lllid5TBaUjiniiiroted. Edited 
bj the intliM'B Bon. lioy>l «o. »U. 

Barton.— First yootatepi in Eut 

Bombay Army. With Sfav* uia 

BortoB.— Fenonal Hamtiva of 



Theologia QermauiDa: Whioli 

\mt\f tb1np» touching a Perfect Lite. 

KmesLIT i uid ■ Letter bv liu-on 
BcsBia. Tlilrd Edition. Fcil.Sni.te. 

Bnnsen.— EgypVa Place in TTni- 



.Biabop BQtIer'i Skttch of Ho. 

Edition, tlmrongb); wTp^^th : 
proinMiiive DiBcuteriM 



The Calduet lawrer: ATopnlar 

ThB Cabinet Gaiattoai : AFopn- 



Calendar* of State Fapen, Do- 
meetic Series, pnblishert nndar the 
Direction of the UaitfT of the RoUi, 



Some DepBTtment : 

Tba Baign of CHASLES I. IV^iS, 
edilerl by JoHi B»no», T J.S.A. Im- 

The Ridgns of EDWARD VL, MABY, 



tlEK0-l7»), eompUed V ^- 3. TBoUB, 
faq. 3 TiJt. In^arial dm. Wa. 

stale Puen nlathiK to BCOTIuUTD, 
fram Ibe RMni (« HBNBT TIIL to th* 
Accentan oTJAUEa L (liW-lMS^ nd 
of tlie CorTHjondenos reliUnic to VARl' 
QUEEN of SlX>T3, durinc hu CBptttlty 
in Bagluid, edii«d ts U. J. Ihomfi, 
EsilT! Tcii. ImpwialSio. SOl 



CalTsct. — The Wife't Xannal | 

or. Fnyen, Thcmghta, und Songa or 
B«TmlOHMioiu of a Matren't Llfc 



thftHvle of QMftW KifilftjIA'l Ptb^w^ 

Book. CrowD Svo. 10s. 6d. 
Catlow's Fopnlar Conchology; 



Cedl. ^ The Btad Farm ; 



Cedl'aBtablsFrMtiM; or, Hint* 

mTnlnliic fUtha T^uf.tba CluK, and 
UieBaadiirithOtiHmlkiiiionBaidiig 
' ~ Takliui. Rao»Rldii% 



ChToniolei ancl Hemorial* ot 

•'■ * 1I« a™, pnbliilHd by the amhoiliy 
M. Traaaury under the DtrecUon 






Chapman. — History of GnttfiTai 

Adolidmi. and of the Thlrtf Tun- 
War np u the Kliii^D«(li; With 
VtMC <>r™WeBQihalLa, In 1«8™ ^ B. 
CHiPUAB.HJi. Bvo,PlmMa..ii. 

CheTTeUl On th« Harmony and 

CoDtnat of Colonri, and their AptJlesi- 
»ons M Ltaa ArU : Indndlnii Painting, 
Interior Decontion, UiuMriM, Car- 
pete, Uoeidcg. Colound GlailDe, Paut> 
Staining, Callo-PrlnllBL Le««ncaat- 
Prlntlne, Uan- Coloniiw, Dmi, 
LaodK^K and FliHm>aBrflaUii(. Jto. 
sc. Tranilatad by CHiXLMa M^mnL. 
With 1 Plato. Cnnnieva.10B.Sd. 

Connolly.— Higtory ol the Boyal 

lit Ihe Sie^B of £ebaetopo]. ^y T.W.J. 
Engjjieen.' Sffcojid E<litkm; i^th IT 



Diotionary of 1 
iooidentai , 



lanta PramcljcanB, eillfd Sy the 



and the DiHord«a eepadaUv iooidentai 



8? U "" ^^' 



Bisltop CottoQi Initmetiona In 

the Docnlne and P»olice irf ChriiU- 



F. C. HuruBSTOtr, U.A 
Blmham'a Hlttorla < 



«. lSiiio.ta.Cd. 
^ deiUnEtribus I Crasy'i Eneyolopndift of Oirti 



^-*r^....».D,Brld[ and InnContuui? 
Uoo, Irm Scmr lilaa, Tabslu Bridgea, 



r lOHBHiN, BSOWH, J 



EltcMdan, kiUted If Mrs. 
P«.t8vo.»».M. 

Crowe.— The Hiatory of France, 
CniikiliMik.<«The Lifs of Bii 

JabD FallUS Ulgxtralai) lu a Srriee 
of Tueoij-fcnr wlgfaiBl Eiihings by 
OtamaCnilkibuik. AMompanlad by 
ui ImulnaiT filcianpliy of the Knkalit, 
bt BOBBHi B. Sxovaa. Snjal Sid. 
in« 1S>. Od. clolh. 

Lady Caot'j Invalid's Own Book : 

bSkojT Fcp. Bvo. a.. 64.™^ 

Tha Bav. Cftnon Dile'i Souutia 

UtngTBiil PudU; Ch^Un, In Two 
ImUTPiMt I. ^uc^Mntaiii^t^ 

IL u uinvrlaM SmnoB for Bvny 
SonlBT Tn Ihe T*u-. SMond EditiDn. 
PoitAo. «>. clotli ; at. ti. calf 1 or 
«!. lOi. monxxo. 



crMtion obtSu^ fai Ita Neighbour- 
hwd added fiiT UHnggoTTnivaUenln 
niMnl. Ur ai* Ker. K. W. L. DAvna, 
U.A.OiQo, FosI Bt-o. te. 






Davy (Dr, J.)~-Ths Angler and 

hL^ Friend ; or, Tiscatfoj OolUHaleB 
l>ivr, M.D.,F.Il.8„*i:. Fcp.8vo.il«, 

The Angler in the Lake Diatrict ; 

or, Plsculor/ CollOflUiM and Flahlng 
beilaiid. Ftp. 8vo. Oe. 9d. 
Sa la Bive'a Treatiie on Elee- 



Tbe Eclipse of Ttuth ; or, a Visit 
IB of The Eclipse of Faith, 

MdTc&.piir'^ ihTilmtctii ana Pre- 
UnslanB of Modem U^m, Smmd 

The Engli»hinan'» CFreek Coa- 

between llbt Greek uUI Ihe EngUib 
T«ite ; iDcludLug a CoacorduLoe to tbe 
Pmnr HunH, Willi loams, Oratk- 
BngUsh and En^ib^ruk. MonBOl- 
Um.oUliaDmiiidai. B(vaiaro.ae. 

The Eariidiman't Bebrew and 

Olialdefl Doncordaiud of the Old Taa^ 
ment: IMng an Attevmt at a Yailia] 
Codneiion bitwoeD Uu wIglQHl aad tbe 
Engllsb TraiurtaUonei wttb Indsng. 
a Lilt of Uis F»i«r Namn and their 
OcearienoeBi Ac £ Tola- royal Bro. 
ta. ISi, Bd. i large paper, M. tia. Bd. 

Ephemera'aEan dbookofAnKlingi 

Flihing, Silmon-HJiWng ; \i(L the 
Edilion, corrMtsdaiidnnprovBdj wltll 

Ephemera's Book of the Salmon : 

TheThsorir.PrfndiilM.BadPrflcHwof 
liWish^roiSalinoii; Lille of good 

tba Emjilre \ the NUuralyUtory oflhe 
aaUnon, its Kabiu deKrlbsd, and the 
belt nay of uillfially Brooding it 

Fidrbaim.— Daefiil Infbimation 

Ibr Enaloeen : Being a Serim of Lec- 



- Fianoia Bacon of 



IDl Cffiidllian. By Tho. 



CFnmay.— St. Lonia and Henri 

IT,! Bsmg B SecDud 8«rt«or Hlato- 
I rial Skel£heB. Br Uu titv. JOHI H. 



B^d^ph,] 
Qkrratt.-^Xiiryeliaitd Kyateries 
of ImUnrt 1 cc, CnriwIUci of Animal 
Uft. By GioBei QiiiiTi. S™^ 

Gilbart.— A Fraelical Treatise 
on Baoling. 8j JixM WittUH 
Qojltui, FTR-S., Oenersl Manager of 



Qilbart.-^ogie Ibr the Hillion : 



Qlti^. — Euayi, Biograpliickl, 

bated iMt^ to ll» Kd 
gnortirb fiieiAH. Bytl 
Quia, U.A., ChEpluitO 
ForoM^uid Pnbendvyi 

The PoetUal Works of Oliver 

Goiajmilt. BdltaibjBotTOBCoiB"!, 
from D«l£iu tv Macab«n of iLiic 



Oom.— A Katnraliit'i Bojanm 

In Junalia. Bt p. h. Oosbi, Eh. 
WllhPtalM. A>t8TO.l«. 

Oreatlied.— Letter! from Dellii 

dprliu tba Sle». By H. H. Usm^TSSD. 
EiqTFoUllairAgeut. PoMSvo. 



Chrilt'a Bnoyolopwdia of AreM. 

lectnn, Hlnortcul, ThtonticAL and 
PncUis]. Br Jdbiph Quilt, with 
mftrv than Ifiio >VDDd Gngravln^, frvn 

Hare (Arehdeaean). — The life 

of LntJieT. in FoTty-eJ^llt Hifltorlcal 
KngraTlDBB. Bj fiuBTAT Kama. 

Harford.— Ltta of KuhadAngdo 



lonimla, Bubul, and 
1. ByJoEsS.HABn»Ii, 
.R.S. Hssond BdlUni, 
Plnua. KT0li.STO.tts. 



Complete li 



Greywn.— 4«1eetioiiB Ana the 

CDrrflBpOnd«nUDfR.E-1^VT4inw Ea.1 

J^ait*. N^vEiUthHi. ( 



luBc&jiitY 



mutratioiw, AtehltMtBMl and 

l^clorlcbl, of Qa OcnJiu «f mduel 
Angald BDOURDti. mib DwalptlDiii 
of tbfl FlattB, I9 Oit GmauAidatoTe 

?S'^,''- S-Hipom^iq. Di!.L..>B.S. 
Folio, 731. 6d. hainwnnd. 

HartiMiL — The ligtit of tbe 
Fo^ 1 or, Coniueli teom the SIi^-Bed 
M.A*, Doranttc (%aiil^ ■'Jo'^; 
DucheH of Cuntjcldga. Pi^. Bro, Sa. 

Htxtf Hieover't Stable Talk 
Mid TaNo Talk; or, Sp«aclM for 
Yonni SnprtameD. Siv Edition, i 
Tola.8vo.Tottnll,»i. 

Harry HieoTer.^nLe Hantuut- 

Pleld. By.Hlur HuoTlB. wffli 
Two PlBlm. Fop, Sto. Ba. half-bound. 
Harry EiaoTeT. — Praotioal 

aanrHieoTOT.— The Pocket and 

Ibe Stndi or. Pnotlcal HinU on the 
MaimganuntoftligHlalila. ByUuii 
HiKiTH. Fcp. 8V0, PMtrait, ta. 

Hairy Hioorer.^Tha Stud, (Or 

Praotioal PurpoBSB and Pnctical 3l«n - 
Being a Oold* to Uie Choice of n Uone 



HsiaalL— A Hiator; of the Bri- 

06 DtaaMem nj\a 



HMiall.— AdnlteTaUoiu Deteot- 

ed ; DT, Plain InitmvUoDi for tin DIb- 
eorerr of Fnudfl in Food Htd I1«41o1db. 

Lond„ Anidint ot nt^lStSiitmry 
ConuniHtoo, uu AnuuKflruiB BipntB 



1 pdiUdud umw 

t)i«llU«ofnad«« btJAiUiratkmi 

elchin8y«l«ob»li*tlnSi '-- 
) WUh m lUuitnOinLei 



vised by the Author's Htm, iibiiot P. 
W.L.itkwiBB. With Pontidi^PliUB, 
ULd TVixHlcaU. SVD.UB. 

Haydn'i Book of Dignitiu: 

Conl^nin; BoUi of lb* Ofidil PmDQ- 
aiMi ot tho BriliBh Bm^i«, CliU, Ho- 
eSulMtticiiL JndlcUI. al^iT.IlBTa], 
■nd KiuddiaL (EaB Uh rinrrt M- 
itoditolbtPiMmtllDN. ToiMtur 
with tlu Bwranhn* of Knnp^ nom 
j^ p .. „.. ^... 

gbUH. 



The Hsin of Cherelsigli : A 



Sir Jolin EerMhsl'a Oatlinei of 
Sir Jahn HerHhGl^ S«My» 

from the E<^nlmrg» ind QuarUrli, 

Hinchliffi. — Snmmei Konthi 

UoiiteRiHji. Ifar Thob. W. HiHGHurr, 
Hurrlam-u-Lui. Pou Bro. iol M, 



Eiati OIL Etiquette and Ha 

Vuso of Sodetv : WUh a CHum at 
BaTKablu. Mow EdUitm, nrlwd 
Ofitli AddMoDiJ t^ > Ladj of But 

Hollnnd,— Medical VotoK and 

RtfltctlQiis. BsSirHBMIlHotlUIB, 
H.D., F.R.S..&:,, Fiiiilclao In Otdt 
naryts the Queen wd Prineo-CuiHrt. 

Holluid.— CliMpten on Mental 

PhjiWogy. Bv sir Hbnkt HOUtUID, 

BlU't.,y,K,S..l«. Pounded cUefly on 
Chsplers eontidiKd In Medical JfoM 
Becoiiil Edition. PoBl8yo.B8.Sd, 



lor. With maiy WoodcuM. liinio. Cil 



Zooker Bad Anott'i Biititli 

(Mvonlh Ud^ion, wltb AdUltiou and 
CoiwcHonei 4^ nnmeroua Flprm 

wjcb the Platv coktund, aia. 

Home's latiodaotioii to the 

cnuotl stody ud Knonltdn of tba 
Uol; »ctlrtaiH. TnM MMm, re- 
used, cornotd, uid brongln down lo 
the iireunl clDM. BrUtoiniv tbi Btv. 
T. UUIWUL Houii, B.u. (thB 
Anlhc»rl; tile Bev. SmtnL DAVtovor, 

LL.d!' Wltb'llJBpaitiidllVliaienea 
andPustuUee. * voJl Svo. O-liirild. 

Home. — A Compendioiu latn- 



HoakTiii. — Tolpa ; or, the Ohro- 

nlclea uf B Cliy Pum : An Agntultural 
tragment. 1^, CH«Iioa W«Kr 
iloB]iiiiB,Ei9. Pourlli tullloo. Wltb 
M Woodcuu liom IMslgnB by liioiOB 
CiaueKun. ISmo. it. lid. 
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KEW W0BK8 AND KSW EDITIONS 



How to Norse Sick Children: 

Intended especially as a Help to the 
Knnes in the Hoepital for Sick Chil- 
dren; but containing Directions of 
service to all who have the charge of 
the Toong. Fcp. 8vo. Is. 6d. 

Howitt (A. M.)— An" Art-Stn- 

dent in Munich. By Akka Maby 
Howitt. 2 vols, post 8vo. 14b. 

Howitt.— The Children's Year. 

By Hasy Howitt. With Four Illus- 
trations. Square 16mo. 58. 

Howitt. — Tallangetta, the 

Squatter's Home : A Story of Austra- 
lian Life. By WillUlU Howitt. 
2 vols, post 8vo. IBs. 

Howitt. — Land, Lahonr, and 

Gold ; or. Two Years in Victoria : With 
Visit to Sydney and Van Diemen's 
Land. By William Howitt. Second 
Edition. 2 vols, crown 8vo. lOs. 

W. Hewitt's Visits toBemarkable 

Places : Old Halls, Battle-Fields, and 
Scenes illustrative of Striking Passages 
in English History and Poetry. With 
about 80 Wood Engravings. Mew Edi- 
tion, 2 vols, square crown 8vo. 25s. 

William Hewitt's Boy's Conn- 
try Book : Being the Beal Life of a 
Country Boy, written by himself; ex- 
hibiting all theAmusemcnts, Pleasures, 
and Pursuits of Children in the Coun- 
tty. With 40 Woodcuts. Fcp. 8vo. 68. 

William Hewitt's Bnral Life of 

England. With Woodcuts by Bewick 
and Williams. Mec^um 8vo. 2l8« 

Hue. — Christianity in China, 
Tartary, and Thibet. By M. I'Abb^ 
Hn% formerly Missionary Apostolic 
in China. Vols. I. and II. 8to. 21s. ; 
AHdVoL.III 10s.6d, 

Hue. — The Chinese Empire : 

A Sequel to Hue and Gabet's Journey 
through Tartary mid Thibet. By the 
Abb^ Hue, formerly Missionary Apos- 
tolicln Cluna. Second EdiMon ; 'svith. 
Map. 2 vols. 8vo. 24s. 

Hudson and Eepnedy's Ascent 

of Mont Blanc by a New Route and 
Without Guides. Second Edition, with 
Plato and Map. Post 8vo. 5s. 6a. 



Hudson's Plain Directions fbr 

Making Wills in conformity with the 
Law : With a clear Exposition of the 
Law relating to the distributicm of 
Personal Estate in tiae case of Intes- 
tacy, two Forms of WiUs, and much 
useful iuformatiou. Fcp. 8vo. 2s. 6d. 

Hudson's Executor's Guide. 

New and improved Edition ; with the 
Statutes enacted, and the Judidal 
]>ecisions pronounced since the last 
Edition incoriwrated. Fcp. 8vo. 68. 

Humholdt's Cosmos. Translated, 

with tlie Author's authority, by Mrs. 
Sabine. Vols. I. and II. 16mo. 
Half-a-Crown each, sewed ; Ss. 6d.each, 
cloth ; or in post 8vo. 12s. each, cloth. 
Vol. III._po8t .8vo. 12b. 6d. cloth : or 
in I6mo. Fart I. 2s. 6d. sewed, Ss. 6d. 
doth : and Part II. 3s. sewed, 48. cloth. 
Vol. IV. Part I. post 8vo. 158. doth ; 
16mo. 78. 6d. cloth. 

Humboldt's Aspects of Nature. 

Translated, with the Author's autho- 
rity, by Mrs. Sabinx. 16mo. price 68. : 
or in 2 vols. Ss. 6d. each, doth; 28. 6d. 
each, sewed. 

Humphreys.— Parables of Our 

LordL illuminated and ornamented in 
the style of the Missals of the lienais- 
sance by H. N. HtTirpHBBYS. Square 
fcp. 8vo. 2ls. in massive carved covers ; 
or SOs. bound in morocco, by Haydaj'. 

Hunt.— Besearches on Light in 

its Chemical Relations; embracing a 
Consideration of all the Photographic 
Processes. JBy Robbbt Huitt. F.R.S. 
Second Edition, with Plate and Wood- 
cuts. 8vo. lOs. 6d. 

Hutchinson. — Impressions of 

Western Africa : With a Report on the 
Peculiarities of Trade up the Rivers in 
the Bight of Biafra. By J. T. Hutchih- 
BON, Esq., British Consul for the Bight 
of Biafra and the Island of Fernando 
Po. Post 8vo. 88. 6d. 

Idle.— Hints on Shooting, Fish- 
ing, &c., both on Sea and Land, and 
in the Fresh- Water Lochs of Scotland: 
Being the Experiences of C. Idle, Esq. 
Fcp.Svo. 5s. 

Mrs. Jamesou's Legends of the 

Saints and Martyrs, as represented in 
Christian Art : Forming the First 
Series of Sacred and Leaendary Art. 
Third Edition ; with 17 Etchings and 
upwards of 180 Woodcuts. 2 vols, 
square crown 8vo. Sis. 6d. 



PUBLISHED BY XOKGICAN, BBOWK, AKD CO. 
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Mrs. Jameson's Legends of the 

Monastic Orders, as represented in 
Christian Art. Forming the Sbcokd 
Sebies of Sacred and Legendary Art. 
Second Edition, enlarged: with 11 
Etchings hy the Author and 88 Wood- 
cuts. Square crown 8yo. 28s. 

Mrs. Jameson's Legends of the 

Madonna, as represented in Christian 
Art : Forming the Thikd Sebies of 
Sacred and Legendary Art. Second 
Edition, corrected and enlarged ; with 
27 Etchmgs and 165 Wood Engravings. 
Square crown 8vo. 28e. 

Mrs. Jameson's Commonplace- 

Book of Tlioughts, Memories, and Fan- 
cies, Original and Selected. Second 
Edition, revised and coriected; with 
Etchings and Woodcuts. Crown 8vo. 
price 188. 

Mrs. Jameson's Two Lectures on 

the Employment of Women : — 

1. SiSTJSRS of Charity, Catholic and Pro- 

testant, Abroad and at Home. Second 
Edition, with new Preface. Fop. 8>o. 4«. 

2. 17m Cohhcmion of LA.BOua: A Second 

Lecture on the Social Employments of 
Women. Fcp. 8vo. 3«. 

Jaqnemet's Compendium of 

Chronology : Containmg the most im- 
portant Dates of General History, Po- 
utical. Ecclesiastical, and Literary, 
from the Creation of the World to the 
end of the Year 1851. Post 8vo. 7s. 6d. 

Jaquemet*s Chronology for 

Schools : Containing the most impor- 
tant Dates of General History, Politi- 
cal, Ecclesiastical, and Literary, f^om 
the Creation of the World to the end of 
the Year 1857. Fcp. 8vo. Ss. 6d. 

Lord Jef&ey's Contributions to 

The Edinburgh Review. A New Edi- 
tion, complete in One Vbltuzie, with 
Portrait and Vignette. Square crown 
8vo. 21s. cloth; or 80s. calfl— Or in 
3 vols. 8vo. price 42s. * 

Sishop Jeremy Taylor's Entire 

Works : With Life by Bishop Hbbbb. 
Revised and corrected by the Rev. 
Charles Page Edek, Fellow of Oriel 
College, Oxford. Now complete in 10 
vols. 8vo. 10s. 6d. each. 

Eemble. — The Saxons in Eng- 
land : A History of the English Com- 
monwealth till the Conquest. By J.M. 
KEMBiiS, H.A. 2 vols. 8vo. 28s. 



Keith Johnston's Dictionary of 

(Jeography. Descriptive, Physical, Star 
tistical, and Historical : Forming a com- 
plete General Gazetteer of the World. 
Second Edition, thoroughly revised. 
Ju 1 vol. of 1,S60 pages, comprising 
about 50,000 Names of Places, 8vo. 36s. 
cloth ; ot half-bound in russia, 4l8. 

Eesteven. — A Manual of the 

Domestic Practice of Medicine. By 
W. B. Kbstbven, F.R.C.S.E., &c. 
Square post 8vo. 7s. 6d. 

Kirby and Spence's Introduction 

to Entomology ; or. Elements of the 
Natural History of Insects : Compris- 
ing an Account of Noxious and Useful 
Insects, of their Metamorphoses, Food, 
Stratagems, Habitations, Societies, 
Motions, Noises, Hybernation, Instinct, 
&c. Seventh EdittoUf with an Appen- 
dix relative to the Origin and Progress 
of the work. Crown 8vo. 5s. 

Lardner's Cabinet Cyclopssdia of 

History, Biography, Literature, the 
Arts and Sciences, Natural History, 
and Manufactures. A Series of Originid 
Works by Emikbxt Weitbbs. Com- 
plete in 1S2 vols. fcp. 8vo. with Vignette . 
Titles, price £19. 19s. cloth lettered. 

The Works eeparately, in single 
Volumes or Sets, price Ss. 6d. each 
Volume, cloth lettered. 

Mrs. R. Lee's Elements of Na- 
tural History ; or^ First Principles of 
Zoologv : Commising the Principles ot 
Classification, mterspersed with amus- 
ing and instructive Accounts of the 
most remarkable Animals. New Bdi- 
Uoa I Woodcuts. Fop. 8vo. 7t. fid. 

The Letters of a Betrothed. 

Fcp. 8vo. price 58. doth. 

Letters to my TTnknown Friends. 

By a Ladt, Author of Letters on jflTop- 
ptneee, Four^ Edftion, Fcp. 8vo. 5s. 

Letters on Happiness, addressed 

to a Friend. By the Author of Letterg 
to my Unknown Friends. Fcp. 8vo. 6s. 

L.E.L.— The Poetical Works of 

Letitia Elizabeth Landon; comprising 
the Improvisatrice, the Venetian Brace- 
let, the Golden Violet, the Troubadour, 
and Poetical Remains. 2 vols. 16mo. 
10s. cloth ; morocco, 21s. 
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Br. John Idndley's Tlieory and 

Practioe of Horticnltare ; or, an At- 
tempt to explain the principal Opera- 
tions of €}araening upon Physiological 



(Sroonds: Beinff the Second Edition of 
the Theorv of Uortieulture, much en- 
laxe^A ; with 96 Woodcats. 8vo. an. 

Br. John Lindley*s Introdnction 

to Botany. New Edition, with correc- 
tions and oopioas Additions. 2 vols. 
8vo. with Plates and Woodcuts, 248. 

Linwood. — Anthologla Ozoni- 

ensis, sive Florilegium e Lusibus poet- 
icis diversorum Oxoniensium Grecb 
et Latinis deoerptnm. Curante Guli- 
XLMO LnrwooD. M.A. 8yo. 14e. 

Lorimer's Letters to a Young 

Master Mariner on some Subjects con- 
nected wiUi his Calling. Fcp. 8vo. 
price 58. 6d. 

Loudon's EneydopsBdia of Ckur- 

dening: Comprising the Theory and 
Practice of Horticulture, Floriculture, 
Abcncnlture, and Landscape-Garden- 
ing. . With 1,000 Woodcuts. 8vo. 50s. 

Loudon^s EncyelopsBdia of Trees 

and Shrubs, or Aborgtum et Fruetiee- 
tumJOrita/mtieum abridged: Containing 
the Hardy Trees and Shrube of Great 
Britain, Native and Foreign, Scienti- 
fically and Popularly Described. With 
about 2,000 Woodcuts. 8vo. 508. 

Loudon's Encyclopaedia of Agri- 
culture : Comprising the Theory and 
Practice of the Valuation, Transfer, 
Laying -out. Improvement, and Ma- 
nagement of Landed Property, and of 
the Cultivation and Economy of the 
Animal and YMmtable Productions of 
Agriculture. With 1,100 Woodcats. 
8vo. Sis. 6d. 

Loudon^sEncyclopsBdiaofPlants: 

Comprising the Specific Character, 
Description, Culture, History, Applica- 
tion in the Arts, and everjr other de- 
sirable Particular respectmg all the 
Plants found in Great Britain. With 
upwards of 12,000 Woodcuts. 8vo. 
price £8. ISs. 6d. 

Loudon's EncyclopsBdia of Cot- 
tage, Farm, and Villa Architecture and 
Furniture. New Edition, edited by 
Mrs. LouDOir; with more than 2,000 
Woodcats. 8V0.638. 

Loudon's Hortus Britannicus; 

or. Catalogue of all the Plants found in 
Great Britain. New Edition, corrected 
by Mrs. LoTTDOir. 8vo.81s.6d. 



Mrs. Loudon's Lady's Country 

Companion ; or. How to Enioy a 
Country Life Kational^. Foozth 
Edition. Fcp.8vo.S0» 

Mrs. Loudon's Amateur Gar- 
dener's Calendar, or Monthly Guide to 
what should be avoided and done in a 
<3arden. Seecmd Edition, revised. 
Crown 8vo. with Woodcats, 78. 6d. 

Low's Elements of Practieal 

Agriculture : comprehending the Cul- 
tivation of Plants^ the Husbandry of 
the Domestic Anmials, and the Eco- 
nomy of the Farm. New Edition; 
with 200 Woodcuts. 8vo. 21 s. 

lEaeaulay. — Speeches of the 

Bight Hon. Lord MacaxtIiAT. Corrected 
by HiMSBLF. 8vo. 12s. 

Xacaulay. — The History of 

England trom. the Accession of James 
IL By the Right Hon. Lord Ma- 
CAULAY. New Edition. Vols. I. and 
II. 8vo. 82s. : Vols. III. and IV. 86s. 

Lord Macaulay's Blstory of Eng- 
land from the Accession of James II. 

New Edition of the first Four Volumes 
of the Octavo Edition, reivised and 
corrected. 7 vols, post 8vo. 6b. each. 

Lord Kaoaulay's Critioal and 

Historical Essays contributed to The 
Edinburgh Review. Foar Edititms ^- 

1. A LiBaABT EsmoM (the Eighth), in 

3 Tob. 8to. price Sfe. 
a. C<Hnplete in Qitb Volxthx, with Por- 

tndt and Yignette. Smure crown 

8vo. price 21*. cloUi ; or oO*. ealL 
9. Another Nsw EDmox, ia S vols. fcp. 

8to. price 81*. dotk. 
4. The PcoPLB's Edition, in 2 vols. 

crown 8to. prkeSe. data. 

Macaulay. — Lays of Ancient 

Rome, with Ivrv and the Jmuida. By 
the Right Hon. Lord MACAinLAY. 
New Edition. 16mo. price is. 6d. doth; 
or 10s. 6d. bound in morocco. 

LordMacaulay's Lays of Ancient 

Rome. With numerous Illustrations, 
Original and from the Antique, drawn 
on Wood by George Scharf, jun. Fcp. 
4to. 21s. boards; or 428. bound in 
morocco. 

Mac Donald.— Poems. By George 

Mac DoiTAL]), Author of WWdn and 
Without, Fcp.8vo.78. 
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ICae Donald. — Within and 

Without ; A Dramatic Poem. Bt 
GeobqbMacDokixd. Fcp.8YO.4B.6d. 

Mao Dongall. — The Theory of 

War illustrated hj numerous Examples 
firom History. By LieuteDaiitrColonel 
Mao Dou&aIiL, Commandant of the 
Staff College. Second Bdition,rerJBed. 
Poet 8vo. with Plans, lOs. 6d. 

Hae DoxLgall. ^-m The Campugns 

of Hannibal, arranged and critically 
considered, expressly for the use of Stu- 
dents of Military HistOTy. By Lieut.- 
Col. P. L. Mac Dougalij, Commandant 
of the Staff College. Post 8vo. 7s. 6d. 

M'Dongall. — The Eventful 

Yoy»g^of H.M.DUeovenfSk^ Resolute 
to the Arctic Regions in aeartA af Sir 
John Franklin and the Mimmg Crewa 
of H.M. IHacoverjf Shifm Erebus and 
Terror, 1852, 1853, 1854. By Gsobgb F. 
M*£>oneAi.L, Master. With a coloured 
Chart, Illustrations in Lithography, 
and Woodcuts. 8to. 21s. 

Sir James Kackintosh's Uisoel- 

laneous Works : Induding his Contri- 
butions to The Edinbui^ Beview. 
Complete in One Volume ; with Por- 
trait and Vignette. Square crown 8vo. 
21s. cloth ; or 30s. bound in calf: or in 
3 vols. fcp. 8vo. 2l8. 

Sir James Kackintosh's History 

of England from the Earliest Times to 
the final Establishment of the Beformr 
ation. 2 vols. 8vo. 21s. 

Macleod.— The Elements of Po- 
litical Economy. ByHEiTBYDxTBirairQ 
MACLXOD,Barrister-at-Law. 8vo. 16s. 

Macleod. — The Theory and 

Practice of Banking: With the Ele- 
mentary Principles of Currency, Prices, 
Credit, and Exchanges. By Hbnby 
DuNXiKG Maclbod, Barrister-at-Law. 
2 vols, royal 8vo. 308, 

M*Cnlloch's Dictionary, Prac- 
tical, Theoretical, and Historical, of 
Commerce, and Commercial Navi- 
gation. Illustrated with Maps and 
Plans. New Edition, corrected ; with 
Supplement. 8vo. 50s. cloth; half- 
russia, &5s. 

M*Calloch*s Dictionary, Oeo- 

graphical. Statistical, and Historical, 
of the various Countries, Places, and 
principal Natural OUects in the World. 
Illustrated with Six large Maps. New 
Edition, revised. 2 vols. 8vo. 638. 



Magnire. — Borne ; its Bnler 

and its Institutions. ^JoHifFBAKCis 
Maouxbb, M.P. Wuh a Portrait of 
Pope Pius IX. Post 8vo. lOs. 6d. 

Mrs. Marcet*s Conversations on 

Natural Philoeophy, in which the Ele- 
ments of that Science are familiarly ex- 
plained. Thirteenth Edition, enlarged 
and corrected: with 34 Plates. J^. 
8vo. i»ioe 10b. 6d. 

Mrs. Marcet's Conversations on 

Chemistry, in which the Elements of 
that Science are familiarly explidned 
and illustrated by Experiments. New 
Edition, improved. 2 vols. fcp. 8vo. Us. 

Martinean. — Studies of Chris- 
tianity: A Series of Original Papers, 
now first collected, or New. By James 
Mabtisbav. Crown 8vq. 7s. 6d. 

Martinean. -i-i Endeavonrs after 

the Christian Life: Discourses. By 
JAifxs Mabtikbaf. 8 vols, post 8vo. 
price 78. 6d. eadi. 

MartineaxL — Hymns fbr the 

Christian Church and Home. Col- 
lected and edited by Jambs Mabkutbau. 
Eleventh Edition, 12mo. 3s. 6d. cloth, 
or 58. calf ; >i^ .Sdi^wn, 32mo. is. 4d. 
doth, or is. 8d. roan. 

Martinean.— Miscellanies: Com- 
prising Essays chiefly religious and 
controversiaL By Jambs Mabxhtbav. 
Crown 8vo. 9b. 

Manndex^s Sdentiflc and Lite- 
rary Treasury : A new and popular 
Encyclopedia of Science and the Belles- 
Lettres; including all Branches of 
Science, and every sutject connected 
with Literature ana Art. Fcp. 8vo. lOs. 

Mannder*8 Biographical Trea- 
sury ; oonsistingof Memoirs. Sketches, 
and brief Notices of above 12,000 Emi- 
nent Persons of All Ages and Nations, 
firom the Earliest Period of History : 
Forming a c<mii;>lete Dictionary of Uni- 
versal BiograpUy. Fcp. 8vo. lOs. 

Maonder^s Treasury of Know- 
ledge, and Library of Reference ; com- 
prising an English Dictionary and 
Grammar, a Universal (iazetteer, a 
Classical Dictionary, a Chronolosy. a 
Law Dictionary, a Synopsis oi the 
Peerage, numerous useftd Tables, &c. 
Fcp. 8vo. lOs. 
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Kannder'B Treasiiry of Natural 

History; or, a Popular Dictionary of 
Animated Kature: In which the 
Zoological Characteristics that dis- 
tinettiBh the different Classes, Genera, 
ana Species, are combined with a 
variety of interesting Information illus- 
trative of the Habits, Instincts, and 
General Eoonomyof the Animal King- 
dom. With 900 Woodcuts. Fcp. 10s. 

Mannder'B Historical Treasury ; 

comprising a General Introductory 
Outbue of Universal History, Ancient 
and Modem, and a Series of Separate 
Histories or every principal Nation 
that exists; their Ilise, Progress, and 
Present Condition, the Moral and Social 
Character of their respectivo Inhabi- 
tants, their Religion, Manners, and 
Customs, &c. Fcp. 8vo. 10s. 

Maunder's Treasury of Oeogra- 

phy, Physical, Historical, Descriptive, 
and Political ; containing; a succinct Ac- 
count of Every Country m the World : 
Preceded by an Introductory Outline 
of the History of Geography ; a Fami- 
liar Inquiry into the Varieties of Race 
and Language exhibited by different 
Nations ; and a View of the Relations 
of Geography, to Astronomy and the 
Physical Sciences. Completed by 
William Hu&hbs, F.R.G.S. With? 
MapB and 16 Steel Plates. Fcp. 8vo. lOs. 

Merivale. — A History of the 

Romans xmder the Empire. By the 
Rev. Chables Mesivalb, B.D., late 
Fellow of St. John's College, Cambridge. 
8vo. with Maps. 

YoLS. I and II. comprising the History to 
the Fall ot Julius C«sar. Second Edition. 28s. 

Tot.. III. to the Establishment of the Mon- 
archy hy Augtutut. Second Edition Us. 

ToL . rV. andV. from Augustuslo Claudivtf 
B.c.2TtoJL.s.61 S2s. 

Yor.. YI. firom the Reign of Nero, a.d. 51, to 
the Fall of Jerusalrm, a.d. 70 16s. 



Merivale. — The Pall of the 

Roman Republic : A Short History of 
Last Century of the Commonwealth. 
By the Rev. C. Msbivalb, B. D., late 
Fellow of St. John's College. Cambridge. 
New Edition. 12mo.7s. 6d. 

Merivale (Miss). — ChristiaxL 

Records : A Short HIistory of Apostolic 
A^. By L. A. Mebivale. Fcp. 8vo. 
pnc« 78. 6d. 

Miles.— The Horse's Foot and 

How to Keep it Sound. EiphthJEdition; 
with an Appendix on Shoeing in general, 
and Hunters in particular. 12 Plates 
and 12 Woodcuts. By W. Miles, Esq. 
Imperial 8vo. 12s. 6d. 



Miles^s Plain Treatise on Horse- 
Shoeing. With Plates and Woodcuts. 
Second Edition. Poet 8vo. 2s. 

Milner's History of the Church 

of Christ. With Additions by the late 
Rev. Isaac Milkbb, D.D., F.R.S. A 
New Edition, revised, with additional 
Notes by the Rev. T. Gbakthaic, B.D. 
4 vols. 8vo. 528. 

James Montgomery's Poetical 

Works : Collective Edition ; with the 
Author's Autobiographical Prefooes, 
complete in One Volume ^ with Portrait 
and Vignette. Square crowu 8vo. 
lOs. 6d. cloth ; morocco, 21s.— Or, in 4 
vols. fcp. 8vo. with Plates, 14s. 

Moore.— -The Power of the Soul 

over the Body, considered in relation 
to Health and Morals. By Gbokgb 
MOOKB, M.D. Fcp. 8vo. 6b. 

Moore.p— Man and his Motives. 

By Gbobgb MooBB, M.D. Fcp.8vo.6s. 

Moore.— The TTse of the Body in 

relation to the Mind. By O. Moobx, 
M.D. Fcp. 8vo. 6s. 

Moore.— Memoirs, Jonmal, and 

Correspondence of Thomas Moore. 
Edited by the Right Hon. Lobd John 
Russell, M.P. With Portraits and 
Vignettes. 8 vols, post 8vo. £4. 4b. 

Thomas Moore's Poetical Works : 

Comprising the Author's Recent Intro- 
ductions and Notes. The Trao^ler^g 
Edition^ crown 8vo. with Portrait, 
12s. 6d. cloth; morocco by Hayday, 21s. 
— Also the Ltbntrjf Bditton^ with Por- 
trait and Vignette, medium 8vo. 21s. 
cloth ; morocco by Hayday, 42s.— And 
the Fir$t collected Edition, in 10 vols. 
fcp.8vo. with Portrait and 19 Plates, 35s. 

Moore. — Poetry and Pictures 

from Thomas Moore : Being Selections 
of the most popular and admired of 
Moore's Poems, copiouslv illustrated 
with highly-finished Wood Engravings 
fl-om original Designs by eminent 
Artists. Fcp. 4to. price 21s. cloth ; 
or 42s. bound m morocco by Hayday. 

Moore's Songs, Ballads, and 

Sacred Songs. New Edition, printed 
in Ruby Type ; with the Notes, and a 
Vignette from a Design by T. Creswiclc, 
R.A. S2mo. 28. 6d. — An Edition in 
16mo. with Vignette by R. Doyle, 58. ; 
or 12s. 6d. morocco by Hayday. 
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Moore*8 Sacred Songs, tlie Sym- 
phonies and Accompaniments, arranf^ed 
for One or more Voices, printed with 
the Words. Imperial 8vo. 

[iVisarfy ready, 

Moore's Lalla Bookh: An Ori- 
ental Romance. With 13 highly- 
finished Steel Plates from Original 
Designs by Corbould, Meadows, and 
Stephanofr, engraved nnder the super- 
intendence of the late Cliarles Heath. 
New Edition. Square crown 8vo. ISs. 
cloth ; morocco, Wa, 

Moore's Lalla Bookh. New 

Edition, prifpted in R\iby Type ; with 
the Preface and Notes from the collec- 
tive edition of Moore's Poetical Works^ 
and a Frontispiece from a Design by 
Kenny Meadows. 3*2mo. 2s. 6d.— An 
Edition in 16mo. with Vignette, &8. ; or 
12s. 6d. morocco by Hayday. 

Moore's Lalla Bookh. A New 

Edition, with numerous Illustrations 
from original Designs by Johk Tkw- 
KTEL, engraved on Wood by the Bro- 
thers Dalziel. Fcp. 4to. 

[In preparation, 

Moore's Irish Melodies. A New 

Edition, with 13 hiehly-finished Steel 
Plates, from OriginsLl Designs by emi- 
nent Artists. Square crown 8vo. 2l8. 
doth : or Sis. 6d. bound in morocco. 

Moore's Irish Melodies, printed 

in Ruby Type ; with the Prefiioe and 
Notes from the collective edition of 
Moore't Poetical Works, the Adver- 
tisements originally prefixed, and a 
Portrait of the Author. 82mo. 2a. 6d. 
An Edition in 16mo. with Vignette, 5s. ; 
or 12s. 6d. morocco by Hayday. 

Moore's Irish Melodies. Illus- 
trated by D. Maclise, R.A. New Edi- 
tion ; with 161 Designs, and the whole 
of the Letterpress engraved on Steel, 
by P. P. Becker. Buper<royal 8vo. 
sis. 6d. boards ; or £2. 12s. 6d. morocco. 

Moore's Irish Melodies, the 

Music, namely, the Symphonies and 
Accompaniments by Sir JohkStbvsk- 
Bour and Sir Hbitbt Bishop, printed 
with the Words. Imperial 8vo. Sis. 6d. 
cloth ; or 42s. half-bound in morocco. 

The Harmonised Airs from 

Moore's Irish Melodies, as originallv 
arranged for Two, Three, or Four 
Voices, printed with the Words. Imp. 
8vo. 15s. cloth ; or 258. half-bound m 
morocco. 



Moore's National Melodies, with 

Music. National Airs and other Songs, 
now first collected. By Thokah 
MooBB. The Music, for Voice and 
Pianoforte, printed with the Words. 
Imp. 8vo. Sis. 6d. cloth; or 42s. half- 
bound in morocco. 

Moore's Epionrean. New 

Edition, with the Notes from the Col- 
lective Edition of Moore's Poetical 
Works', and a Vignette engraved on 
Wood from an original Design by D. 
Maclise, R.A. Iwno, 5«. cloth; or 
12s. 6d. morocco by Hayday. 

Morell. — Elements of Psycho- 
logy : Pabt I., containing the Analysis 
of the lutellectiial Powers. By J. D. 
MoBELL, M.A., One of Her Majesty's 
Inspectors of Schools. Post 8vo.7s. 6d. 

Morning Clouds. Second and 

cheaper Edition, revised throughout, 
and printed in a more convenient form. 
Fcp. 8vo. 5s. 

Morton.— The Besonrces of Es- 
tates : A Treatise on the Agricultural 
Improvement and General Manage- 
ment of Landed Property. By John 
LocKHABT MoBTOX, Civil and A^- 
cultural Engineer ; Author of Thirteen 
Highland and Agricultural Prize Es- 
says. With 25 Lithographic Illustra- 
tions. Royal 8vo. Sis. 6d. 

Moseley's Mechanical Principles 

of Engineering and Architecture. Se- 
cond Edition, enlarged; with numerous 
Woodcuts. 8vo. 240. 

MemoirB and Letters of the late 

Colonel ABicnrB MoumcAnr. Aide- 
de-Camp to the Oneen, and Acgutant- 
Cteneral of Her Majesty's Forces in 
India. Edited by Mrs. Mouittaik. 
Second Edition, Portrait. Fcp. 8vo. Cs. 

More.— A Critical History of the 

Language and Literature of Ancient 
Greece. By William Mubx, of 
CaldweU. vols. L to III. 8vo. price 
968. ; Vol. IV. 158. ; and Vol. V. IBs. 

Murray's Enoydopsedia of Oeo- 

graphy, comprising a complete Descrip- 
tion of the Earth : ExhibiUng iU Rela- 
tion to the Heavenly Bodies, its Phy- 
sical Structure, the Natural History of 
each Country, and the Industry. Com- 
merce, Political Institutions, and Civil, 
and Social State of All Nations. Second 
Edition ; with 82 Maps, and upwards of 
1,000 other Woodcuts. 8vo.60s. 
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Xurray.— French Finance and 

Financiers under Louis the Fifteenth. 
By Jaicxs Mubhat. 8vo. lOe. 6d. 

Neale.— The Closing Scene; or, 

CSiristianity and Infidelity contradted 
in the Last Hours of Remarkable Per- 
sons. By the Rev. Erskikb Nbale, 
M^. 2 vols. fcp. 8vo. 6s. each. 

Normanby (Marquis of). — A 

Year of Revolution. From a Journal 
kept in Paris in the Tear 1848. By the 
Mabquis of Nobmakbt, K.G. 2 vols. 
8vo. Us, 

Ogilvie.— The Master-Builder's 

Plan: or, the Principles of Organic 
Architecture as indicated in the Typi- 
eal Forms of Animals. By Geobgb 
OoiLVix, M.D. Poet Svo. with 72 Wood- 
cuts, price 6s. 6d. 

Oldacre —The Last of the Old 

Squires. A Sketch. By Cbdbio 
OiiDACBE, Esq., of Sax-Nonoanbury. 
Crown Svo. 98. 6d. 

shorn. -Qnedah; or. Stray 

Leaves firom a Journal in Malayan 
Waters. By Captain Shxbabd Osbobn. 
B.N., C.B. With a coloured Chart and 
tinted Illustrations. Post Svo. lOs. 6d. 

Oshom.— The Discovery of the 

North-West Passage ^ H.M.S. Imoea- 
Uffator, Captain R. M'Cltjbb, 1850-1854. 
Edited by Captain Skbbabd Osbobn, 
C.B. Second Edition, revised; with 
Portrait, Chart, and luustrations. Svo. 
price 15s. 

Professor Owen's Lectures on 

the Comparative Anatomy and Physio- 
logy of the Invertebrate Animals, de- 
liveredatthe Royal College of Surgeons. 
Second Edition, with 235 Woodcuts. 
Svo. 21s. 

Professor Owen's Lectures on 

the Comparative Anaton^ and Phy- 
siology of the Vertebrate Animals, de- 
livered at the Boyal College of Surgeons 
in 1844 and 1846. Vol. I. Svo. 14e. 

Memoirs of Admiral Parry, the 

Arctic XavU^tor. By his Son, the Rev. 
E. Pabbt, M.A., Domestic Chanplain to 
the Bishop of London. Fourth Edition : 
with a Portrait and coloured Chart of 
the North-West Passage. Fcp. Svo. 5s. 

Pattison.— The Earth and the 

Word ; or, Oeology for Bible Students. 
By S. B. PATTisoir, F.Q.S. Fcp. Svo. 
with coloured Map, Ss. 6d. 



Dr. Pereira^s Elements of Mate. 

ria Medica and Therapeutics. Third 
Edition, enlarged and improved firom 
the Author's Materials by A. S. Tat- 
LOB, M.D., and G. 0. Rebs, M.D. 
VoL I. Svo. 288. ; VoL II. Part I. 21s. ; 
Vol. II. Part II. 26s. 

Dr. Pereira*s Lectures on Polar- 
ised Light, together with a Lecture on 
the Mieroecope. 2d Edition, enlai^ed 
from the Author's Materials by Rev. 
B. PowBLL,M.A. Fcp. Svo. Woodcuts, 
price 78. 

Perry.— The Franks, from their 

First Appearance in History to the 
Death of King Pepin. By WaIiCTB C. 
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